DECLARATION 1 



I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so made 
are punishable by fine or imprisonment or both, under § 1001 of Title 18 of the United States 
Code and that such willful false statements may jeopardize the validity of the subject 
application or any patent issued thereon. 



This Declaration is being made in order to distinguish the claimed invention from the 
teachings of the references Hollingsbee et al. (WO 97/02845) and Tsubouchi et al. (US 
6,175,053) cited in the claim rejections according to § 103, 

1 . The subject-matter of the objected patent Tsubouchi is a woimd dressing that is based on 
a protein material (fibroin and sericitin) that is fully biocompatible and has a very good 
water absorption properties which results in the material not adhering to the wound. 
Various additives (disinfectants and others) are added to this basic material. The 
examples of disinfectants include, among others, iodme, potassium iodide, hydrogen 
peroxide and povidon iodme. However, it is to be noted that it is not clearly described 
what exacfly was used as a disinfectant in case of a film. Iodine and potassium iodide are 
presented separately, separated by a comma. The agent that may be used as a disinfectant 
is actually a solution of iodine in potassium iodide (not iodine or potassium iodide 
separately). The mixture of iodine and potassium iodide in a solution gives rise to 
potassium triiodide which releases elementary iodine that is the very disinfectant. If 
iodine and potassium iodide were used separately then potassixmi iodide has no 
disinfecting effects, and iodine does not dissolve in the concentration that the presence of 
a disinfectant is presented (e.g. column 3, lines 9-12); the claims do not mention the 
amount of disinfectants at all. It is most likely that tiie author of the patent included the 
above mentioned disinfectants without even trying whether it is possible to prepare such a 
film. 

Even if we admitted that the author of the patent did mean the solution of iodine in 
potassium iodide, the truth is that it is impossible to prepare a film contaimng iodine, 
resp. iodine with potassium iodide as a disinfectant in an equilibrum by means of the 
processes described in the patent. The substance of the problem lies m that the 
preparation of the film requires its drying. The description discloses (e.g. colunm 7, lines 
60 - 67; column 9, line 46 - column 10, line 3) that ttie solution of proteins the film was 
being prepared of was, together with the disinfectant, cast on a horizontal acrylic resin 
plate and dried at room temperatjire. If said solution contained the solution of iodine in 
potassium iodine, then one must realize that the triiodide does not exist in the solid state, 
it decomposes to iodine and potassium iodide while iodine gradually evaporates at the 
film drying conditions and thus moves the equilibrum that exists in the solution between 
iodine, iodide and triiodide (iodme + iodide — > triiodide) towards the triiodide 
decomposition. This leads to an effect where there is no iodine in the film within a certain 
time, resp. if iodine is present then just in a trace amount that is not able to exhibit 
disinfecting properties. Regarding the fact that we have examined the question of stability 
of iodine in a potassimn iodide solution very thoroughly, we have the information on the 
rate of iodine volatilization - please see graph 1 (Enclosure I) showing the volatilization 
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of iodine from the solution of iodine in potassium iodide which is enclosed; it can be 
clearly seen therefrom that in 24 hours there is only 20 % of the initial amount of iodine 
in the solution. That means that iodine could not be present as a disinfectant in the film. 
In such a case a question arises as to whether a patent disclosing something unable to be 
prepared and even contradicting the physical laws may be objected as a state of the art. 
Moreover, please note the paragraph [0026], of US 2005/0181025 Al, with an 
explanation of why iodine alone cannot be used in a solution. 

The same applies to hydrogen peroxide that is stated as a disinfectant in a dry film as 
well. According to our opinion, hydrogen peroxide does not exist in a dry film and if 
there were some traces thereof, it would be improper to call it a disinfectant. We believe 
that the author of the patent had neither examined said substances as disinfectants nor 
proved that the film containing them really had disinfecting effects, actually we suppose 
he just simply included them into the description. 

Example 4 of Tsubouchi (US 6,175,053, column 13) describes a preparation of a film 
containing povidon iodine. Povidon iodine is an organic compoimd which is totally 
different from an inorganic complex potassium triiodide, and the fact that both contain 
iodine atoms does not imply that they might be classified as similar compounds. Povidon 
iodine has different biological effects in the mixture with hyaluronate and thus, cannot be 
freely interchanged with other iodine compounds. 

Now, as far as the difference between the Tsubouchi document and our invention is 
concerned, it lies in that Tsubouchi discloses the use of a wound dressing material 
containing fibroin and sericitin - there is no mention of hyaluronic acid, hi our case, 
while examining the interaction of iodine and potassium triiodide with various 
polysaccharides, we found out that the hyaluronate solution is partly stabilized by iodine 
in the solution and forms mixtures therewith that have a totally unexpected favorable 
effect on wound healing. It showed up that the other polysaccharides tested (6 in total), 
not even oxycellulose the structure of which is similar to the one of hyaluronate, do not 
have similar properties to those of hyaluronate in the mixture with iodine complex. The 
disinfecting properties of iodine complex were just advantageously used in the 
hyaluronate stabilization. The hyaluronate stabilization lies in its ability to inhibit bacteria 
that decompose the hyaluronate very fast. Iodine and potassium iodide form potassium 
triiodide in a solution which is imstable as well due to the volatility of iodine but when 
using a diluted solution of iodine and potassium iodide, the equilibrum is moved towards 
the free iodine. Therefore, the diluted potassium triiodide makes the hyaluronate stable 
and thus the wound healing properties thereof may be exerted. Moreover, a synergistic 
effect of this mixture was proved: a mixture of hyaluronate with potassium triiodide 
healed the wound much faster than the hyaluronate without potassixam triiodide (see 
graph 2 - Enclosure II, and fig, 1 - Enclosure III). Potassium triiodide itself, without 
hyaluronate, showed a tendency to act in a rather inhibitory manner, it did not positively 
influence the wound healing at all Moreover, our studies showed that the use of 
hyaluronate with potassium triiodide enhances the growth of granulation tissue forming 
in the wound and results in an increase of glycosaminoglycanes amount in this 
granulation tissue (see [0025] and [0026] of US 2005/0181025 Al). It is to be noted that 
the granulation tissue formation is the second, very important step in the wound healing. 
Therefore, the acceleration of the granulation tissue formation leads to an acceleration of 
the wound healing. Neither the hyaluronate alone, nor the potassiiun triiodide complex 
alone are able to produce an increased amount of the granulation tissue (see graphs 2a-b, 
Enclosure IV). 
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2. HoUingsbee et al. teach compositions of hyaluronic acid having molecular weights 
between 50,000 to 2,000,000 and they teach that the hyaluronic acid can be in a salt form, 
specifically sodium salt, and that antimicrobial agents may be added to hyaluronic acid, 
such as polyvinylpyrrolidone iodine. The iodine - potassiimi iodide complex is not 
mentioned at all because iodine would volatilize from tiie film (see the explanation above 
and [0026] of US 2005/0181025 Al). The Hollingsbee's mixture of hyaluronate with 
povidon-iodine does not exhibit any positive effects on woimd healing that could be 
comparable to the effects of the mixture of hyaluronate with iodine + potassium iodide 
complex. In HoUingsbee, there is no mention of any positive effect of the mixture of 
hyaluronate with povidon-iodine on the rate of wound healing, on the granulation tissue 
formation and the like. Neither does the technical literature mention any effects of the 
mixture of hyaluronate with povidon-iodine similar to those of a combination of 
hyaluronate vnth iodine + potassixmi iodide complex. Moreover, according to the results 
of the tests that we performed in developing a new woimd-healing preparative, povidon- 
iodine in the mixture with hyaluronate showed no exceptional effect on wound healing 
such as the solution of iodine in iodide did. Povidon-iodine is considered to be a 
disinfectant only which is not the case of the solution of iodine in potassium iodide the 
main function of which is hyaluronate stabilization (see the explanation above). Povidon 
iodine is a totally different compound, has different biological effects in the mixture with 
hyaluronate and thus, caimot be freely interchanged with iodine compoxmds. 

Further, we would like to point out that the patent document WO 97/02845 of 
HoUingsbee was objected in the intemational search report and was classified as an "A" 
document, i.e. a document defining the general state of the art which is not considered to 
be of particular relevance (see Enclosure V). 

3. In the Office Action, p. 5-6, it is objected that since potassium (or sodium) iodide and 
iodine are both extremely well known in the art for their disinfecting ability, it would 
have been obvious to one of ordinary skiU in the art at the time of the invention to use 
said solution as a disinfectant for treating wounds. A real person skiUed in the art of 
wound healing knows that the solution of iodine in potassium (or sodium) iodide had 
been used for wound disinfection in the 19* century and in the begirming of the 20 
century, i.e. in a time when no other disinfecting preparative having the same or similar 
efficiency had been known. Early after its introduction to use it showed up that such a 
solution is very imstable, exhibits very inritable properties to the wound, its application 
causes pain to the patients, it doesn't support the wound healing and, moreover, it colors 
the surrounding skin and textile that it comes into contact wdth very strongly [see 
Enclosure VI: R. A.Cooper: Iodine revisited, hit Wound J 4, 124-137 (2007)]. Efforts to 
substitute the solution of iodine in potassium iodide by another disinfectant that would be 
more suitable for woimd healing had been made a hundred years ago[see Enclosure VII: 
H.D.Dakin: On the use of certain antiseptic substances in the treatment of infected 
wounds, Brit J Med 318-320 (1915)]. The attempts to replace tiie solution of iodme in 
iodide by another agent had continued until 1949 when the first practically utilizable 
iodoform on the basis of polyvinylpyrrolidone which has been used since then was 
discovered. The doctors' opinion of the solution of iodine in iodide is clearly expressed in 
the article by F.C. Kelly in which he says: "END OF AN ERA. Last and perhaps greatest 
protagonist of direct energetic iodine disinfection of woxmds was Sir LEONARD 
ERSKINE HILL, F.R.S. (1866-1952) director of research, St John Clinic and Institute of 
Physical Medicine, London. Convinced iodine veteran of World War I, he returned to its 
defence on outbreak of World War H, extolling virtues of intensive iodine disinfection of 
wounds *in all their depths and ramifications'. Views not accepted by the modems. With 
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him died finally the 1914-1918 war faith in the iodine 'first field dressing'." [see 
Enclosure VIII: F.C.Kelly: Iodine in medicine and pharmacy. Since its discovery - 181 1 
- 1961, Proc Royal Soc Med, 54, 831-836 (1961)]. After the discovery of the complex of 
polyvinylpyrrolidone with iodine (povidon iodine, PVP-iodine) the use of the solution of 
iodine in iodide ceased because it was replaced by a much better preparative that 
eliminated all of the above mentioned negative features of the solution of iodine in iodide 
and, moreover, it proved itself 3x safer than the solution of iodine in iodide [see 
Enclosure DC: H.A. Shelanski, M.V. Shelanski: PVP-iodine: history, toxicity and 
therapeutic uses, J Intemat Coll Surgeons, 25, 727-734 (1956)]. Therefore, in view of all 
of the above mentioned facts, the solution of iodine in iodide had to be used as a 
disinfectant to wounds in spite of its adverse elfects only until a substitute for this 
solution was found which had no adverse effects and, moreover, was less toxic and thus 
safer. We are convinced that nowadays, when a broad spectrum of antibiotics, cationic 
antimicrobial agents, antimicrobial peptides and many other newer, safer and more 
effective disinfectants are available, a real expert in this subject field would hardly revert 
to the solution of iodine in iodide as a disinfectant. Firstly, he would have to face the 
problems of negative organism reactions to the preparative, secondly, he would have to 
deal with the higher toxicity and further, he would have to eliminate the lack of stability 
of the solution. If someone reverts to the solution of iodine in iodide, it is for other 
reasons than its disinfecting ability, such as we did it. 

Moreover, the fact that no patent application (except of ours) claiming a use of a mixture 
of hyaluronate with a solution of iodine in iodide has been filed up till now clearly shows 
that a mixture of hyaluronate with a solution of iodine in iodide is not something that 
would occur to a person skilled in the art and that simple mixing of said substances would 
suffice. 
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I REVIEW ARTICLE 



Iodine revisited 



Rose A Cooper 



Cooper RA. Iodine revisited. Int Wound J 2007;4:124-137. 
ABSTRAa 

Iodine Is an antiseptic that has been used In wound care for more than 150 years. Traditional formulations of 
iodine had serious (imitations that were reduced in later products. Much has been written about iodine and 
opinions on Its clinical efficacy are divided. There have been reviews of the chemical properties of iodine, its 
antimicrobial activity, human physiology, cytotoxicity and its clinical effectiveness, but few have addressed all 
these aspects. With the recent development of iodine-containing wound care products and the continued 
publication of laboratory and clinical studies, it seems timely to reassess the evidence relating to the effectiveness 
of iodine for treating wounds. This literature review attempts to provide an appropriate chemical and 
physiological background of the charaaeristics of iodine in (^der to provide a sound basis for understanding the 
available miaobiological and clinical data. It will show that understanding the faaors that contribute to the 
aalvity and potential cytotoxicity of iodine are Important in evaluating the dinical evidence. Although definitive 
studies are needed, the sustained delivery of low doses of free iodine offers the potential to inhibit a broad range 
of microbial species without selecting for resistant strains or inducing cytotoxic effects. 
Key words: Antimicrobial activity • Antiseptic • Cytottwid^ • Iodine • Resistance 



Key Points 

• Iodine is a chemical element, 
which occurs naturally as 
Iodide sails in seaweeds, fish, 
sheliflsh and seawater 

• it is believed that molecular 
iodine has the highest 
antlmicrobiaJ potenrtai 

• pH significantly influences the 
position of dynamic equilibria 
and therefore also Iodine con> 
centfation; maximai bacteri- 
cidal activity occurs when the 
forms of iodine without baae- 
riddal acdvity are minimised 



THE CHEMISTRY OF IODINE 

Iodine is a chemical element with the chemical 
symbol I. It occurs naturally as iodide salts in 
seaweeds, fish, shellfish and also in seawater. 
Elemental iodine (I2) was first isolated m 1811, 
At room temperature it is a dark purple, lus- 
trous, crystalline solid. On heating it mdls to 
form liquid at 113-5*^ and boils to a pinkish 
purple vapour at 184-4'*C, but can sublime to 
vapour directly from the solid, depending on 
conditions. Its name is derived from the Greek 
word 'iodes' for violet. 

Iodine is the least reactive halogen (other 
halogens are fluorine, chlorine and bromine). It 
has an atomic number of 53 and an atomic 
mass of 126-904. Iodine dissolves readily in eth- 
anol or ether to produce brown solutions, or in 
chloroform or benzene as violet solutions. It is 
sparingly soluble in water (0-33 g/1, 1-2 mM, at 
25*C) giving a yellowish brown solution (1). 
Solubility of elemental iodine increases in the 
presence of iodide ions, such as potassium 
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iodide, where iodine reacts to form tri-iodide 
ioi^s. Aqueous solutions of iodine are not stable 
and, depending on conditions, many different 
species may be present. Of these, it is believed 
thai molecular iodine {I2) has the highest anti- 
microbial potential. Stability is influenced by 
pH and activity diminishes with increased al- 
kalinity and storage time (1). To be able to 
dearly imderstand how iodine behaves chem- 
ically, its reactions in water have been sum- 
marised (Table 1) (2). The seven principal 
iodine spedes found in aqueous solution are 
I2, HOI, or, HzOr , I3", r and IO3", of which 
only hydrated icxiine O2X hypoiodous add 
<HOI) and iodine cation (H201'^) possess 
bacteriddal activity. At physiologically com- 
patible pH and low concentrations, the only 
spedes of importance are I", I2 and (3). As 
H"*^ features in four of the above reactions, pH 
significantly influences the position of dynamic 
equilibria and therefore also iodine concentra- 
tion; maximal bacteriddal activity occurs when 
the forms of iodine without bacteriddal activ- 
ity axe minimised (2). 

THE DEVELOPMENT OF IODINE 
PRODUCTS FOR WOUND CARE 
One of the first antiseptic preparations of io- 
dine was Lugol's solution (1). This tincture of 
iodine was an aqueous solution of iodine and 
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Table 1 Potential reactions of molecular iodine (I}) In 
water (2) 



Category 


Reaction 


Type of reaction 


1 


1, + HjO HOI +H-*- + r 


Kydroiysis 


D 


HOI or + 


Dissociation 


HI 


HOi H- H* HjOr 


Protonation 


IV 


12 + 1 « r J 


Complex formation 


V 


3H0I « lOj" + 21 + 3H+ 


Disproportionation 



potassium iodide in ethanol that was used as 
an antiseptic to treat wounds by Davies in 
1839 (4). Subsequently it was used extensively 
throughout the American Civil War and both 
Louis Pasteur and Robert Koch are reported to 
have independently evaluated it (4). It contin- 
ued to be iised professionally and don\estical]y 
until the 195Qs, but it caused acute pain and 
irritation on application, as well as distinctive 
staining. 

To overcome these clinical limitations, iodo- 
phores (or iodine carriers) were developed. 
Four types of carriers have been used: poly- 
oxymer iodophores, cationic surfactant iodo- 
phores^ non ionic surfactant lodophores and 
polyvinyl-pyrrolidone iodophores (otherwise 
known as polyvinyl-pyrrolidine-iodinc, povi- 
done iodine or PVP-I). In most of these agents, 
iodine is carried, in aggregates (or micelles) of 
detergent which act as reservoirs of iodine. On 
dilution, these micelles slowfy disperse to re- 
lease free elemental iodine in aqueous solution, 
so that the concentration of the active agent 
gradually increases without reaching the unde- 
sirable concentrations associated with former 
products. This free iodine is known as avail- 
able iodine and the activity of the iodopKore 
is related to the amount of iodine released. 
Equations to calculate the equilibrium con- 
centration of free iodine released into water 
fram iodine solubilised in surfactants have 
been derived (5) and titration against sodium 
thiosulphate with starch indlctor allows the 
concentration of free iodine to be determined 
experimentally. 

In the most common iodophore in clinical 
use (FVP-D/ iodine is chemically bound as tri- 
iodide to the surfactant povidone. It was in- 
troduced into clinical use in 1956 (6) and it is 
available as a solution, aerosol spray, ointment, 
cream or wound dressing. Concentrations vary 
in different PVP-I preparations, with available 
iodine ranging between 9 0% and 12% (w/v) 



(7). It is important to realise that formulations 
of PVP-I are not iderrtical and that many stud- 
ies fail to note the precise chemical composi- 
tion of povidone iodine preparations used. 
This point was emphasised in a study de- 
signed to assess the antibacterial activity of 
PVP-I where the formulations of PVP-1 solu- 
tion and PVP-I scrub were defined (Table 2), 
and surfactants were identified (8). 

In 1981, cadexomer iodine was developed as 
another means of delivering 'safe' iodine. It 
consists of beads of starch containing 0-9% (w/ 
w) iodine. It is available as a powder, ointment 
and wound dressing. In the wound it readily 
absorb® fluids to form a gel and as the strands of 
starch polymer separate on swelling, free iodine 
in aqueous solution is slowly released (9). 

A new generation of iodine products has 
been developed more recentiy. In an eraymer 
based iodine disiixfectant, horseradish peroxi- 
dase effects the conversion of iodine from 
sodium iodide by generating hydrogen perox- 
ide from caldiun peroxide (10). An enzyme- 
mediated system is also used in Oxyzyme^**^ 
and Icxiozyme™ wound dressings, where 
glucose oxidase generates hydrogen peroxide 
using atmospheric oxygen. The hydrogen per- 
oxide, in turn produces oxygen and free iodine 
(11). An advantage of these products is that 
inactivated iodide, the reduced form of iodine, 
can be re-activated by oxidation with further 
hydrogen peroxide, so that the overall level of 
iodine/iodide present in the product can be 
relatively low. In Repithel*, polyvinyl-pyrroli- 
dine-iodine liposomes containing 3% iodine 
ate prepared in a hydrogel (12). Recentiy a 
paste comprised of 70% sugar and 30% PVP-I 
(U-PAST™) has been developed that is daimed 
to stimulate wound healing by modulating the 
activity of keratinocytes and fibroblasts (13). 

ANTIMICROBIAL ACTIVITY 
OF IODINE 

Iodine has been used extensively as an anti- 
septic. It has a broad spectrum of antimicrobial 
activity, rapidly inhibiting bacteria, yeasts, 
moulds, protozoa and viruses (1,8,14). Envel- 
oped viruses are more susceptible to iodine 
than non enveloped viruses, probably because 
of binding of iodine to the lipid compor\ent 
of the envelope. Endospore-forming bacteria 
generally are less susceptible to antiseptics 
than non sporing bacteria; however^ iodine 
is an effective sporiddal agent. Inhibition of 
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Key PoinU 

• one of the first sntiieplic pre- 
parations of iodine w% Lugors 
solution; this tincture of iodine 
was used as an antiseptic to 
treat wounds 

• It caused acute pain and 
irritation on appiicaiion, as 
well as distinctive staining 

• to overcome these clinical 
limitations^ lodophores (or 
iodine carriers) were developed 

• in 1981, cadexomei Iodine was 
developed as another means of 
delivering 'safe' iodine 

• a new generation of iodine 
products have been developed 
more recently and the advan- 
tage of these products is that 
inactivated iodine, which has 
been reduced to iodide, can be 
reactivated by oxidation with 
further hydrogen peroxide, so 
that the overall level of iodide 
present In the product can be 
relatively low 

• a paste comprised of 70% 
sugar and 30% PVP-I (U- 
PAST^^ has been developed' 
that Is claimed to stimulate 
v\'0und healing by modutatir^g 
the activity of keratinocytes and 
fibroblasts 
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Key Points 

• iodine has been used exten- 
sivety as an antiseptic and has 
a broad spectrum of antimiao- 
biai aaiviiy, rapidly Inhibiting 
bacteri*, yeasts, moulds^ pro- 
tozoa and viruses 

• Iodine is an effective sporicidal 
agent 

• unlike antibiotics where Inhibi- 
tory effects tend to be localised 
to a specific cellular laation, 
antiseptics have generalised 
effeas by simultaneously 
affecting muhiple sites in 
microbial cells 

• most of the data demonstrating 
antlmloohial efficacy have been 
derived from suspensions of 
microbiat cells tested in vhm 



Table 2 Typical povidone iodine rormulations ( 



Produa 



Components in the formulation 



Concentrations 



py?'\ aqueous solution PVP-I 
Glycerol 

Noriyl phenoxy polyoxyethylene etfianol* 
Bufi^i; disodium phosphate/citric add 
PVP-I scrub PVP-I 

Laurie add diethanoiamine condensate* 
Ammonhim allcyl phenoxy poiyoxyethylene glycol suiphonate* 
Sodium hydroxide and hydrochlofic add to adjust pH to 4*6 
. Water 



1% available iodine 

0-25% ivN) 
Remainder 

075% available iodine 
4%(vKAf) 
25% m 

Remainder 



PVP-l pofyvinyHsyrrofidine-iodtne. 
*Surf3CtamSw 



mycobacteria has also been reported. Methicil- 
lin-resistant staphylococd and methicUlin-sen- 
sltive staphylococci have been shown to be 
equally susceptible to iodine (15,16). As little as 
O'l /g (236 000 molecules) of iodine can destroy 
one bacterial cell (15). 

Inhibition of biofilms of Pseudomonas aerugi- 
nosa and BuridtoJdaia cepacia cultivated on 
Teflon chips has been showed after 10 minutes 
exposure to FVP-I (0-2%), whereas 60 minutes 
in contact with chlorhexidine gluconate (0-2%), 
alkyldiaminoethyleneglycine hydrochloride 
(0-2%) and benzalkonium chloride (0-2%) had 
no effect (17). Biofilms have been implicated 
in chronic wounds and are associated with 
infections Imked to indwelling medical devices 
(18). They are notoriously difficult to treat 
because of their reduced susceptibility to anti- 
microbial agents; iodine seems to offer some 
potential in limiting bicxfihns. 

MODE OF ACTION OF IODINE 
Surprisingly little has been published about its 
mode of action, but molecular iodine G2) is the 
active agent. At low concentrations, its activity 
can be affected by oi^anlc matter (19). Unlike 
antibiotics where inhibitory effects tend to be 
localised to a specific cellular location, anti- 
septics have generalised effects by ^ulta- 
neously affecting multiple sites in miciobial 
cells. Binding of iodine to proteins leads to 
their denaturation in several ways: oxidation 
of S-H bonds in amino adds such as cysteine 
and methionine, and the prevention of hydro- 
gen bonding by reacting with N-H group6 in 
arginine, histldine and lysine or the phenolic 
group of tyrosine. These changes affect the 
structure and function of both enzymes and 



structural proteins and therefore have exten- 
sive deleterious effects on microbial function. 
Fuiiihennore, membrane structure is compro- 
mised by the reaction of iodine with C=C 
bonds In fatty adds, and hydrogen bonding in 
nucleic acicb is prevented by iodine binding to 
nucleotides such as adenine, cytosine and 
guanine. Hence, changes in cell walls, mem- 
branes and cytoplasm result in rapid death 
following exposure to iodine (1). Structural 
effects of PVP-l on microbial cells were in- 
vestigated by electron microscopy and bio- 
chemical analysis (20). Rapid partitioning of 
cytoplasm, coaguladon of nuclear material ai\d 
loss of enzyme activity were found. Cells did 
not appear to show complete disruption, but 
pore fonnation in cell walls led to lealcage of 
selected cellular materials (20). 

THE QUALITY OF THE IN VITRO 
EVIDENCE OF THE ANTIMICROBIAL 
ACnVITY OF IODINE 
Most of the data demonstrating antimicrobial 
efficacy have been derived from suspensions 
of microbial cells tested in vitro. Activity of 
antimiaobial agents is always influenced by 
pH/ temperature, concentration, contact time, 
presence of organic matter, electrolytes, mi- 
crobial strains and the neutralisers used. 
Experimental conditions, therefore, influence 
laboratory observations. Despite the publica- 
tion of numerous studies, critical evaluation 
of reported data is hampered by incomplete 
descriptions of methodology and inadequate 
spediication of the formulation of iodine that 
was used (1). 

Disinfectants and antiseptics have been rou- 
tinely evaluated in the lat}oratory since the 

® 2007 SlBCbwIt PUUisNng Ltd end Mediailhelplines.com mc 



I 



Material may be protected by copyright law (Title 17, U.S. Code) 



Iodine revisited | 



early 20th centuxy by various methods, but the 
need to rationalise protocols to provide suit- 
able tests that mimicked the environments in 
which specific agents were destined to be used 
has been recognised. In Europe, a range of 
standardised methods for the laboratory eval- 
uation of antimicrobial agents has gradually 
been developed since 1995. Initially suspension 
tests to establish efBcacy against bacteria or 
fungi became available (known as phase 1 
tests). In phase 2/step 1 tests, antimicrobial 
activity in the presence of interfering substan- 
ces is assayed to determine whether an agent 
can achieve a 10^ log reductim of sdected test 
oiganisms in a given contact time. Phase 2/ 
step 2 tests aim to simulate in vivo conditions' 
before phase 3 tests (clinical trials) are at- 
tempted. A complete range of tests is not yet 
available Suggested organic challenges for an- 
tiseptics that will be used in the oral cavity, on 
mucous membranes, or on wounds for either 
prophylactic or therapeutic use have been 
evaluated with selected antiseptics. A mixture 
of 4-5% albumin, 4-5% sheep blood and 1% 
mudn was found to be the most difficult or- 
ganic challenge and only povidone iodine, 
octcnidine and chlorhexidine retained activity 
(21). The performance of inhibitory agents 
in vivo is always less than predicted from 
laboratoiy data because in vivo conditions are 
never faithfully recreated in vitro. Once stand- 
ardised tests for evaluating antiseptics that are 
destined to be used on wounds become avail- 
able, comparisons between agents wHl become 
easier Although the design of laboratory tests 
can be criticised, there can be little doubt that 
iodine is a rapid ddal agent. 



RESISTANCE TO IODINE 
One of the most remarkable features of iodine 
as an antiseptic is the lack of selection of resis- 
tant strains. Only one report of iodine resis- 
tance has been published 122). In this report, 10 
cultures of methicillin-resistant Staphylococcus 
aureus (MRSA) isolated from different patients 
were tested against four antiseptics and re- 
sistance to PVP-I and sodium hypochlorite 
together with reduced susceptibility to chlo- 
rhexidine acetate and chlorhexidine gluconate 
was found. However, the experimental con- 
ditions used in this study have been criticised 
because nutrient broth was used which con- 
tained components that would have inacti- 



vated iodine (15). Another study foiled to 
detect povidone iodine resistance in MRSA 
(23). Attempts to train bacteria to become 
resistant to povidone iodine by repeated ex- 
posure in the laboratory have failed (24), as 
have attempts to detect iodine resistance in 
bacteria isolated from nosocomial infections 
(25,26). In one study (25), 504 isolates recov- 
ered from 12 French hospitals were tested 
under differing laboratoiy conditions and 
inconsistent results were seen. Using a micro- 
method, 18 strains appeared to be resistant to 
PVP-L but none were resistant when a stand- 
ardised method was adopted (25). The other 
study was conducted in Italy with 379 isolates 
recovered from surgical wound infections dur- 
ing a six-year period and no significant varia- 
tion in siasceptibiiity to antiseptics (including 
PVP-D was detected (26). Attempts to show 
resistance to povidone iodine (0-01%) in 
coagulase-negative staphylococci isolated from 
continuous ambulatory peritoneal dialysis 
patients following long-term prophylactic use 
of antiseptics at device insertion sites have also 
failed (27). The consensus is, therefore, that 
iodine^resistarit strains of micro-oiganisms have 
iu)t yet eirwrged. Yet reports of resistance to 
other antiseptics have been accumulating since 
the early 1950s (Table 3) and include resistance 
to quaternary anunonivim compounds, chlo- 
rhexidine and tridosan in enteric bacteria, 
pseudomonads and staphylococci (6). 



THE PHYSIOLOGY OF IODINE 

For humans, iodine is an essential trace ele- 
ment that is acquired by eating fish, shellfish 
and seaweed- The normal daily iodine require- 
ment for adults is between 100 and 200 jig (28). 
Iodine is absorbed from the blood and con- 
centrated in the thyroid gland where it is used 
to produce the two thyroid hormones, thyrox- 
ine and triiodothyronine, which are important 
in regulating metabolism. Inadequate iodine 
intake leads to endemic goiter, endemic cre- 
tinism and increased child mortality (29). In 
devdoped countries, icxlisation of salt (supple- 
mentation of sodium chloride with traces of 
iodide or iodate Scdts) is an effective strategy in 
preventing dietary iodine deficiency, because 
iodised salt is used extensively in processed 
foods. 

Multiple adverse effects are associated with 
excess iodine including mental depression. 



Key Points 

• despite the publication of 
numerous studies, aitical eval- 
uation of reported data is 
hampered by incomplete de- 
script/ons of methodbiogy and 
inadequate specification of the 
formulation of iodine ^1 was 
used 

• once standardised tests for 
evaluating antiseptics that are 
destined to be used on wounds 
become avaSable, comparisons 
between agents will become 
easier 

• one of the most remarlcable 
features of iodine as an anti- 
septic is the tack of selection of 
resistant strains 
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Key Points 

• decisions about the dwice of 
a topical antlmiaobiai inter- 
vention by practitioners depend 
on judgements of safety, effec- 
tiveness and appropriateness 

• internationally recognised stand- 
ardised metbods. such as ISO 
10993. are used for the eval- 
uation of medical devices 

• two broad categories of wound 
care product can be identified 
those that contribute to fieaiing 
and those that contribute to 
aspecu of wound care other 
than heaing 



Table 3 Acquired resistance to antiseptics used in wound care 



Agent 


First clinical use 


Resistance 


Oiganisms 


Honey 


Antiquity 


NO 


ND 


Silver 


19ih century 


1970s 


Pseudomonas aeruginosa 








Enterobacteriaceae 


iodine 


1839 


ND* 


ND' 


Hydrogen peroxide 


1887 


ND 


ND 


Quaternary aimnoniiim compounds 1993 


19S1 


Ps. aervginosa 


Chlorhexidine 


1954 


1967 


Proteus mirabilis 






1990s 


Staphylococci 


Tridosan 


197QS 


1998 


Ps. aerugmasa 



ND, not detected. 

*There was a single report of resistance fbr MRSA in 198S but of questionable methodology (21). 



nervousness, insomnia, myxoedema, hypothy- 
roidisnv hypffthyroidisnv hypersensitivity and 
skin reactions (2830^1). Acute poisoning by 
ingestion can be fatal (30). Fluctuations in 
dietary iodine levelS/ however, are overcome 
by an autoregulatory mechanism in the thy- 
roid that is known as the Wolff-Chaikoff effect. 
Although the mechanism of this protective 
response is not fully imderstood, it comes into 
effect when excess iodine levels are ingested. 
Rather than converting the excess iodine into 
excess thyroid hormones, the first step in their 
biosynthetic pathway (oxidation of iodine by 
organic bindiitg) is temporarily inhibited. 
Iodine is expelled from the thyroid, removed 
by the kidneys and excreted in urine. Escape 
from the Wolff-Chaikoff effect nonnally en- 
sues after 48 hours, when iodine levels have 
normalised. Pathological changes arise when 
autcnregulation is defective;, for example in 
the foetus and neonates, and in Hashimoto's 
thyroiditis. Grave's hyperthyroidism or cystic 
fibrosis (29). Renal dysfunction in diabetic 
patients with advanced nephropathy has been 
linked to non autoimmune primary hypo- 
thyroidism (32). Here, elevated serum iodine 
levels were thought to have resulted from 
a prolonged Wolff-Chaikoff effect that caused 
iodine to be expelled from the thyroid, but 
impaired renal function prevented efBdent 
excretion. 

The behaviour of iodine-based antiseptics on 
skin was investigated by Gottardi in 1995. 
Using Lugol's iodine solution and PVP-I, up- 
take (absorption) of free iodine by intact sldn 
was followed by a reversal of the absorption 
process (or back diffusion). The dynamics of 
this flux depended on the concentration of free 



iodine in the preparation applieci, contact time 
and the thickness of the treated area (33). 

•s 

THE SUITABILITY OF IODINE AS 
A TOPICAL AGENT IN THE 
MANAGEMENT OF WOUNDS 
Decisions about the choice of a topical antimi- 
crobial intervention by practitioners depend on 
judgements of safety, effectiveness and appro- 
priateness. The way in which those attributes 
are assessed depends to a certain extent on the 
methods used. It should be remembered that 
proprietary wound care products satisfy crite- 
ria set by regulatory lx)dies before being 
licensed. Often, however, these supporting 
data never reach the public domain and 
comparisons between products by potential 
users have to be made from evidence gener- 
ated by clinical researchers. Historically eval- 
uations of safety and clinical efficacy used 
a variety of diverse tests. Now internationally 
recognised standardised methods, such as ISO 
10993, are used for the evaluation of medical 
devices. ISO 10993 is comprised of 18 parts: 
parts 1-12 concern biological testing and 13-18 
chemical characterisations. Similarly European 
legislation was laid down to ensure the safety 
of medical devices (90/385/EEC and 93/42/ 
EEC) and essentially the tests have been har- 
monised with BO 10933. Two broad categories 
of woiaiKl care product can be identified: those 
that contrilmte to healing and those that con- 
tribute to aspects of wound care other than 
healing. The biological evahiation of medical 
devices includes tests for genotoxidty, cardno- 
gerudty and reproductive toxidty (ISO 10993 
part 4), in vitro cytotoxicty (part 5), irritation 
arul sensitisation (part 10) and systemic toxidty 
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(part 11). A comprehensive evaluation strategy 
for a topical antimicrobial solution determines 
antimitotic activity of the agent using mono- 
layer cell cultures of each of the cell types that 
occur in the tai^get tissue (human or mouse 
fibroblasts, keratinocytes and polymorphonu- 
clear leukocytes). The effect of an agent on 
processes pertinent to wound healing is tested 
(i.e. cell migration, angiogenesis^ synthesis of 
extracellular matrix components and wound 
dosure) using three-dimensional models, 
finally, in vivo studies on animal models are 
performed and clinical evidence was collected 
from humans. 

SAFETY OF IODINE: EVIDENCE 
FROM IN VITRO CYTOTOXICITY 
STUDIES 

Although antiseptics in general have a repu- 
tation as cytotoxic agents, the evidence to 
support that assumption for iodine is not oveiv 
whelming because both negative and positive 
reports have been published. By exposing 
granulocytes and monocytes to a range of con- 
centration of three preparations of PVP-I, it 
was demonstrated that the concentrations used 
clinically (0-1-20% v/v) were toxic. In the pres- 
ence of lower concentrations (0-0057c v/v), 
viability and phagocytic activity were retained 
after 60 minutes, as well as antibacterial ac- 
tivity (34). This study indicated that toxicity 
was related to PVP-I concentration and sug- 
gested that dilute solutions may be clinically 
effective. However, growth of human adult 
skin fibroblasts and foetal lung fibroblasts was 
progressively retarded by 0 01% and 0 025% 
PVP-I and completely inhibited at higher con- 
centrations, which suggested tiiat even dilute 
solutions of PVP-I were toxic (35). Cytotoxicity 
of 1% PVP-I towards human fibroblasts ob- 
tained from newborn foreskins has also been 
published (36); similarly, negative effects of 
diluted FVP-I solutions (and a range of other 
topical antimicrobial agents) against human 
fibroblasts and keratinocytes were reported 
(37). A toxicity index for 20 skin and woimd 
cleansers has been derived using human infant 
fibroblasts and keratinocytes (38). Using the 
viability of cells exposed to saline as a baseline 
(no toxicity)/ the viability of cells exposed to 
a series of dilutions of cleansers was deter- 
mined. The dilution factor of test solution that 
did not affect viability was deduced to be the 
toxicity index. Hence, highly toxic agents 
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would require high dilution (high toxicity 
index) before inhibition (viability) of cells was 
prevented, but non toxic agents (low toxicity 
index) required l^s dilution. In this study, 10% 
povidone, PVP-I surgical scrub and hydrogen 
peroxide (3%) were all 100 times less toxic than 
household bath soaps but 1000 times more 
toxic than saline (38). 

Most investigations into cytotoxicity have 
used cells directly involved in wound repair, 
but the effect of topical antimicrobial agents on 
human neutrophils isolated from blood was 
tested in an attempt to discover whether host 
defence cell function was affected. PVP-I solu- 
tions at or below diiucally relevant concen- 
trations did inhibit respiratory burst (39). Any 
loss of this important function would impact 
on the killing of ingested micro-otganisms 
within these cdls, and so was considaped to 
undermine antiseptic potential. 

Not all reports confirm cytotoxic effects of 
iodine in vitro. Exposing human fibroblasts to 
a range of concentrations of cadexomer iodine 
in vitro showed that viability and collagen 
synthesis were tmaffected at 0-45%, which was 
thought to illustrate its lack of toxicity in vivo 
(40). Two studies have suggested potentially 
beneficial effects of iodme on wound healing. 
The human macrophage cell line U937 exposed 
to 0-25% cadexomer iodine (lodosorb) was 
stimulated to secrete proinflammatoiy cyto- 
kines (tumour necrosis factor^pha or TNF-a) 
in response to 0-00225% iodine (41). Macro- 
phages stained in biopsies taken from chronic 
wounds are negative for TNF-a, therefore a 
role for iodine in stimulating the activation of 
macrophages in non healing wounds was 
postulated by these researdiers. Cadexomer 
iodine formulations might also promote heal- 
ing by modulating the redox enviroimienl. 
Investigation into the pro- and antioxidant ac- 
tivities of cadexomer iodine, its constituents 
and of exdpients present in commercial prepa- 
rations showed some interesting effects on L929 
mouse fibroblasts and mouse macrophages 
(42). The modified starch in cadexomer iodine 
was foimd by two assays to lack free radical 
scavenging antioxidant activity and did not 
generate hydrogen peroxide through auto- 
oxidation. Cadexomer iodine (0 05-2% w/v) 
enhanced proliferation in the fibroblasts, while 
lodosorb powder (1-2% w/v) and iodine alone 
(0-009-0 018% w/v) iiUiibited superoxide gen- 
eration in stimulated macrophages. Iodine was 



Key Points 

• although antiseptics in general 
have a reputation as cytotoxic 
agents. *e evidence to support 
that assumption for iodine is 
not overwhelming because 
both negative and positive 
reports have been published 
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Key Points 

• in relation to wounds, com- 
ments on the safety of Iodine 
seem largely to concern povi- 
done iodine not cadexomer 
iodine, but once again conflict- 
ing evidence exists 



postulated to cause these effects by the oxi- 
dation of intracellular reducing agents, such as 
reduced nicotiruunide adenine dinucleotide 
phosphate (NAD(P)H) and glutathione. A fur- 
ther antioxidant effect (singlet oxygen scav- 
enging) was attributed to exdpients (42). 
Although not made in a chronic wound, these 
observations indicate that iodine can influence 
the formation of free radicals derived from 
oxygen, and so modulate the function of cells 
involved in healing. An inference is that 
oxygen influences the function of iodine 
in vivo. 

It can be argued that cells in culture do not 
behave as cells in vivo, because their suscep- 
tibility is reduced in the absence of homeostatic 
mechanisms. Fibroblasts, for example, are pro- 
tected by the upper layers of the skin in vivo. 
To overcome some of these criticisms, three- 
dimensional collagen lattices seeded with 
human fibroblasts were developed as wound- 
healing models (43). The immortalized mouse 
fibroblast cell hne L929 has been used exten- 
sively for cytotoxicity testing. Yet immortalized 
cells and cell lines derh^ed from human 
explants may not accurately represent a chronic 
wound. Hence, a fibroblast gel contraction 
model using equine fibroblasts collected from 
granulation tissue in a slow healing wound 
was used to test several topical iodine anti- 
septics. The results indicated that prolonged 
treatment with iodine might be detrimental to 
woimd healing (44). 



SAFETY OF IODINE: EVIDENCE 
FROM IN VIVO ANIMAL MODELS 

Irrigation of guinea pig wounds with iodine 
antiseptics was found to be effective in pre- 
venting wound infection (45), Of four anti- 
septics applied to clean wounds created in 
white domestic pigs, PVP-I was not found to 
affect the rate of healing (46). The dinical use of 
antiseptics was profouiuUy influenced by two 
studies that were published in 1985 in which 
animal models were used to evaluate the 
toxicity of antiseptics (36,47). Using indsions 
on the backs of rats, irrigation with solutions 
of 1% PVP-1, 0-25% acetic add, 0-5% soditmi 
hypochlorite or 3% hydrogen peroxide showed 
retarded epithelialisation and reduced wound 
strength (36). A rabbit ear chamber (47) allowed 
the effect of antiseptics (EUSOL, PVP-I 1% and 
5%, hydrogen peroxide 10 vol Oiloraraine T 1 % 



and chlorhexidine 0 05%) to be determined on 
granulation tissue. Direct microscopic obser- 
vation showed that blood flow was markedly 
affected (particularly by EUSOL and Chlora< 
mine X where empty capillaries did not 
recover in 10 days). In these studies, all the 
antiseptics tested showed adverse effects in 
comparison to saline; recommendations to 
restrict the use of antiseptics were made. Some 
practitioners interpreted these findings as a 
wanung not to use antiseptics in wounds (28). 
The anionic detergent present in PVP-I surgical 
scrub has been implicated in increased inflam- 
mation in guinea pigs (48). Another indication 
that a spedftc surfactant might contribute 
to toxidty came from cytotoxic effects of three 
PVP-I formulations on guinea pig wounds. 
Polyoxyelhylene nonylphenyl ether was re- 
ported to be 100 times more toxic than sodium 
polyoxyelhylene lauiyl ether sulphate (49). 

Efficacy of cadexomer iodine was showed on 
partial thickness woimds in pigs challenged 
with MRSA (50). Positive effects of cadexomer 
iodine on epidermal regeneration during heal- 
ing in full thickr\es3, non infected wounds in 
the pig have also been reported (51). 



SAFETY OF IODINE: EVIDENCE 
OF ADVERSE EFFECTS FROM 
TREATED PATIENTS 

In rdation to wounds, comments on the safety 
of iodine seem largely to concern povidone 
iodine not cadexomer iodine, but once again 
conflicting evidence exists. Reports of systemic 
effects following short-tenn use of PVP-I are 
rare. Fatalities have been attributed to topical 
use of PVP-I in two bums patients (52) and 
following siu'gical debridement of a hip 
wound (53). Mediastral irrigadon with PVP-I 
has been reported to result in acute renal 
failure (54) and seizures (55). Elevated serum 
iodine has been linked to renal impairment 
and hyperchloremic addosis following the use 
of PVP-I (56,57), and it has been suggested that 
long-term topical treatment with PVP-I on 40 
neurological in-patients caused mild thyroid 
dysfunction (58). Investigations into the extent 
of iodine absorption tlurough wounds do not 
yield conclusive evidence of adverse systemic 
effects. Iodine levels were monitored in the 
blood and urine of 33 bums patients and 
undesirable thyroid or renal effects were not 
detected (59). Likewise, changes in the levels of 
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thyroid hormones of 10 patients with extensive 
third-degree bums that were treated with PVP-1 
were not found (60), and the use of FVP-I in 18 
paediatric cardiac patients did not lead to 
altered thyroid function (61). Serum and mine 
iodine levels after topical application of PVP-l 
were deduced to bo related to the size of a bum 
and renal function, but effects on thyroid 
function were not found (62). Increased levels 
of serum Iodide in bums patientt relate not 
only to the size of the affected area but also to 
the length of treatment (63). Although serum 
iodide levels can be expected to return to 
normal following cessation of treatment with 
IW-I, patients with existing thyroid disease, 
pregnant women, nursing mothers and infants 
were considered unsuitable candidates for long- 
term topical application of povidone-iodine 
(63). Adverse effects noted in case reports may 
have been associated with underlying pathol- 
ogies, rather than iodine alone t)ecau5e some 
patients had multiple aetiologies (63). Recom- 
mendations that iodophores should be used in 
neither patients with renal damage nor those 
with extensive bums (52,62) are sensible. 

Allelic reactions to iodine have also been 
reported, with prevalence reports ranging from 
0-7% to 41% (63). A high prevalence of sen- 
sitisation to topical agents in leg ulcer patients 
prompted a French group to analyse published 
studies and to review their own patients (64). 
Patch testing in three groups of patients with 
the Ewopean series of standards and an ad- 
ditional series of potential allergens pertinent 
to leg ulcers showed that Balsam of Feru^ 
fragrance mix and nickel sulphate had sensi- 
tisatioh rates above 10%, whereas PVP-I as 
Betadine** had lower rates than neomycin or 
Cetavlon^ but not chlorhexidine digluronate 
or Flamazine* (64). In H\mgary, the successful 
use of Betadine® with dermatology pa dents 
over many years was reported (65); to deter- 
mine whether any patients had been sensitised 
to FVP-I, 50 were challenged by patch testing 
and no sensitisation was found. 

Doubts about the validity of positive patch 
tests where FVF-1 (10% solutions in petrola- 
tum, i.e. 1% free iodine) are tested under 
occlusion caused Lachapelle to test 500 con- 
secutive patients with conventional patch tests 
(66). Only 14 positive patients were found; 
each of them was retested in a repeated open 
application test where FVP-I dermal solution 
was applied to the open forearm twice daily 



for 7 days. Two of these tests were positive, 
thus a prevalence rate of 0-4% with true allergic 
contact dermatitis to FVP-I was deduced. It has 
been suggested that FVP-1 containing deter- 
gents caused cytotoxicity and sensitisation in 
wounds but not intact sldn (67). Testing panels 
must always include components contributing 
to the manufacture of modem dressings. Fears 
that manufacturers fail to declare all ingre- 
dients in their formulations may confound 
sensitivity testing (68). It must also be re- 
membered thai sensitisation may occur before 
treatment regimes commence and that allergen 
tests reflect not only health care experiences. 
Reports of iodine allergy may^ therefore, be 
exaggerated. 



EVIDENCE OF THE EFFICACY 
OF IODINE FROM CLINICAL 
STUDIES 

The role of iodine in wound care is predomi- 
nantly an antimicrobial agent Solutions, sprays 
and scrubs have been used to iiiigate contam- 
inated trauma wounds, and prophylactically 
to reduce skin flora immediately before and 
sometimes after surgery. lodine-contairdng 
ointments, creams and dressings are intended 
to prevent ingress of pathogens into wounds, 
to act as a barrier to cross-infection, and to 
prevent the progression from localized to overt 
infection. Infection interrupts healing and ex- 
tends the time to wound closure therefore pre- 
venting infection prevents the extension of the 
healing period. A correlation between decrease 
in bacterial load and the rate of wound healing 
was established with the topical application 
of furazolidone to 56 pressure sores and stasis 
ulcers in 47 alcohoHc or neuropsychiatric pa- 
tients (69). This principle provides the rationale 
for the use of topical antimicrobial agents in 
wounds, yet few studies monitor the quanti- 
tative effects of topical agents on microbial 
flora. The efficacy of five antiseptic solutions 
and four antimicrobial creams in eradicating 
coagulase-negative staphylococci from the stra- 
tum comeum was investigated in one study, 
though (70). Four of the agents contained 
iodine {soluUons of 10% PVP-I, 2% aqueous 
iodine, 2% tincture of iodine and iodophore 
ointment were used). All nine agents success- 
fully eradicated the bacteria from siu*face 
layers, but only 2% iodine, mupirocin and 
a triple antibiotic ointment removed bacteria 



Key PoinU 

• adverse effects noted in case 
reports may have been associ- 
ated with underlying psthoio- 
gieSk rather than iodine alone 
because some patients had 
multiple aetiologies 

• fears that manufacturers fail to 
declare all Ingredients in their 
formulations may confound 
sensitivity testing 

• reports of iodine allergy may. 
IherefOf^ be exaggerated 

• the role of iocfine in vround 
care is predominantly an anti- 
microbial agent 

• iodine-containing ointments, 
aeams and dressings are in- 
terxied to prevent ingress of 
pathogens into wounds, to act 
as a barrier to cross>infectlon. 
and to prevent ^ progressioii 
from focalized to overt infeaion 
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Key Points 

• cadexomer iodfne has been 
shown to enhance healing 
rates in chronic wounds, par- 
ticularly venous (eg ulcers; It 
has been shown to be an 
efficient, cost-effective and safe 
alternative to hydrocolloid 
dressing and paraffin gauze 
dessing for the treatment of 
chronic leg doers 



from within the layers of the skin. Repopula- 
tion by resident flora occurred within 24 hours 
following use of 2% iodine and iodophore; 
PVP-I and tincture were not tested (70). Hence, 
the temporajy nature of antimicrobial effects 
was illustrated. 

Much of the data on the effectiveness of 
iodine have been gejierated from randomised 
controlled trials (RCTs) in surgical patients, 
and thepefoTE relates to acute wounds. It is 
neither conchisive nor coiwistent. Preoperative 
antibiotics were found to be superior to PVP-I 
in preventing postoperative wound infections 
following abdominal surgeiy (71). Considering 
the high levels of contamination possible in 
this situation, it is plausible that systemic 
rather than localized antimiaohial interven- 
tion is required. However, in appendectomies 
bacterial contamination depends on the in- 
flanunation associated with the appendix and 
can be mild or slight Viljanto (72) investigated 
the efficacy of PVP-l h\ paediatric patients with 
appendicitis who did not have eiU\er pcritoni- 
tis or periappendicular abscesses. In these 
moderately contaminated wounds, a 5% PVP- 
I solution containing exdpients (glycerol, 
citrate phosphate buffer, polyoxyethylated 
nonylphenol) affected healing more than 1% 
PVP-T without exdpients (72). Intraperitoneal 
irrigation with 0-1% PVP-I sdulicm was com- 
pared with saline in a prospective randomised 
clinical trial with 168 consecutive laparotomy 
patients and significantly fewer intra-abdomi- 
nal abscesses were seen with PVP-I. Increased 
serum iodine levels were noted 24 hours after 
irrigation, but normal levels were regained 
within 72 hours and no changes in thyroxine 
were seen (73). Powdorw iodine was faimd 
to be a safe and effective way to prevent 
postoperative wound infection following gas- 
trointestinal surgery (74), but less convindng 
data were generated in another stvidy {75). 

The benefits of PVP-I in the treatment of 
traumatic wounds have been investigated. In 
a prospective RCT of 500 consecutive patients 
attending an emergency department with 
lacerations requiring sutures, a 60-8econd 
irrigation with 1% PVP-I and scrubbing gave 
rise to less woimd infectiun than saline without 
scrubbing (76). The effect of soaking traumatic 
wounds in either 1% PVP-I or saline, or no 
soaking showed no statistically significant 
difference between numbers of bacteria in 
FVP-T-treated woimcfa and controls (77). 



Healing rates m patients following toenail 
surgery by matrix phenolisation were com- 
pared in an RCT using either medicated honey 
dressings or PVP-I impregnated diessings. 
Statistically significantly accelerated healing 
rates were found with icxiine compared with 
honey in patients with total nail avulsion, but 
not in partial avulsion (78). 

Disinfection of skin at indsion sites before 
surgery has a long history, but a review of the 
effectiveness of preoperative antiseptics in 
preventing postoperative wound infections 
after clean surgery concluded that there was 
insuffident data to draw firm conclusions (79). 

Fewer dinical studies on the efficacy of iodine 
in chronic wounds have been performed. 
Quantitative bacteriology was used in a pro- 
spective RCT of the topical treatment of 
pressxuie sores with 40 patients. Silver sulpha- 
diazine was more effective in reducing bacte- 
rial load than PVP-I or saline, but the numbers 
of patients were low (80). Bums and chronic 
ulcers treated over 5 years with granulated 
sugar and PVP-I or PVP-I alone had reduced 
the need for grafting and antibiotics (81). 
Cadexomer iodine lias been shown to enhance 
healing rates in chronic wounds, particularly 
venous leg ulcers (82-84). It has been shown 
to be an effident, cost-effective and safe alter- 
native to hydrocolloid dressiiig and paraffin 
gauze dressing for the treatment of chronic leg 
ulcers (84). 

The continued debate on the deleterious 
effects elidted by both nucro-oi^anisms and 
antiseptics on human cells intimately involved 
in the healing process motivated an investiga- 
tion into the efHcacy of iodine using histolog- 
ical and inflammatoiy markers. In 15 female 
patients with at least two chronic ulcers, dther 
hydrocolloid dressing alone or hydrocolloid 
dressing with daily application of PVP-I 
solution were used in each of the two wounds 
and biopsies were collected after 4 weeks of 
treatment. Size of ulcer reduced faster in 
wounds with hydrocolloid and PVP-I, together 
with the observation of fewer bacteria and less 
proncnmced inflammatory effects. Reduction 
in bacteria-related inflanunation was thought 
to pjomote the enhanced healing rate (85). In 
a further study by this group, the effect on 
healing In chronic leg ulcers of three antiseptics 
(PVP-I, silver sulfadiazine and chlorhexidinc 
digluconate) was investigated. Compared with 
controls, PVP-I significantly increased healing 
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rate and reduced time to healing. All the 
antiseptics caused decreased bacterial density 
in biopsies collected from the treated wounds 
with concordant-abated vasculitic chaiiges. 
Only PVP-I, however, did not significantly 
reduce the density of dendrocytes and fibro 
blasts, therefore selective, moderate cytotoxicity 
in vivo was argued to resiilt in a paradoxically 
beneficial outcome (86). 

A novel property attributed to povidone- 
iodine that supports its use in chronic non 
healing wounds is its ability to reduce protease 
activity. Depending on concentration, PVP-I 
has been shown by zymography to inhibit 
metalloprotease activity in samples of wound 
fluid obtained from non healing wounds and 
to reduce neutrophil elastase and plasmin 
activity (87). 

Altliough antimicrobial interventions have 
long been used on chronic wounds, a system- 
atic review of antimicrobial agents commonly 
used in the management of chronic woimds 
concluded that there were insufficient clinical 
data io recommend any. agent (88). 

CLINICAL USE OF IODINE 
TODAY 

Advice on using iodine-based wound care 
products can be found in the British National 
Formulary. Newer formulations of iodme have 
not yet become widely integrated into local 
formularies and clinical data are limited to 
date. Povidone iodine is mainly used in skin 
disinfection and in acute wounds, such as 
contaminated traumatic wounds or surgical 
incisions; cadexomer iodine is more commonly 
used in chronic wounds. Both are used pro- 
phylactically, and can be used to limit localized 
infection. Another reason for using iodine 
might be in non healing wounds where other 
limiting influences have been addressed, 
because underlying subclinical infection might 
impede healing. Neither PVP-I nor cadexomer 
iodine should be used repeatedly over long 
periods in wounds that remain vmchanged. 
Both oiEfer benefits in terms of cleansing and 
dedridement and can be used with compres- 
sion therapy and pressure relief (89). Ca- 
dexomer iodine dressings have considerable 
absorptive characteristics (82), but highly 
exudating wounds will elute PVP-I from 
impregnated dressings (90). An evaluation of 
clinical evidence indicated that many antisep- 
tics including cadexomer iodine and PVP-I do 



not impede healing, and that cadexomer iodine 
promotes healing (91). Where a sf>ecific wotmd 
product has been showed to offer no dinical 
advantage over comparable products^ relative 
costs become important and cadexomer' iodine 
has been shown to be cost-effective in relation 
to other topical agents (92). 

EVALUATING INFORMATION 
ABOUT THE EFFICACY OF 
IODINE 

In caring for wounds, practitioners have to 
consider many factors in deriving an effective 
therapeutic strategy that provides optimtun 
conditions to support rapid healing (93). Un- 
doubtedly systemic antibiotics are indicated in 
cases of overt wound infection (94), and all 
antimicrobial agents must be used sparingly to 
avoid the selection of resistant strains. Whereas 
iodine used to be considered to be inappropri- 
ate for wound care (95,96), attitudes are changing 
as a result of the analysis of accumulated data. 

The effects of PVP-I on healing have been 
reviewed (97). Solution, scrubs, ointment and 
cream were considered in animal and human 
studies and it was concluded that PVP-I did 
not have a deleterious effect on wound healing 
(97). A report of a consensus meeting on the 
use of iodine in wound care that was orga- 
nized by the European Tissue Repair Society 
was laigdy supportive of iodine (98). It was 
deduced that slow-release formulations that 
generate low concentrations of iodine in a 
wound were effective and non toxic 

Reviews of animal and clinical data indicate 
that despite reported cytotoxicity, common 
antiseptics (particularly those containing io- 
dine) do not appear to impede healmg 
(90,91,99-101), especially when used appropri- 
ately (99). Although PVP-I has been judged to 
be relatively safe for small acute wounds, 
caution is evident in relation to use in more 
extensive and chronic wounds (100). Iodine 
has been described as one of the most power- 
ful antiseptics available (28). A review of 22 
clinical studies using PVP-I and 13 studies 
using cadexomer iodine evaluated e^iects on 
wound healing and re-epithelialisation, as well 
as efficacy in reducing bacterial loads and the 
incidence of infection (91). For PVP-I-negative 
effects on wound healing were not found, 
and cadexomer iodine accelerated healing. Tbs 
outhois concluded that In the majority of 
clinical trials, antiseptics appear to be safe and 



Key Points 

• nev/er formulations of iodine 
have not yet become 'widely 
integated into local formular- 
ies and crmlcal data are limited 
to date 

• neither PVP-I nor cadexomer 
iodine should be used repeat- 
edly over long periods in 
wounds that remain unchanged 

• an evaluation of dinical evi- 
dence indicated that many 
antiseptics induding ca- 
dexomer iodine and PVP-I do 
not impede healing, and that 
cadexomer iodine promotes 
heeling 

• cadexomer iodine has been 
shewn to be cost-effective in 
relation to other topical agents 

• iodine used to be considered 
inappropriate fo^ wound care 
but attitudes are changing as 
a result of the analysis of 
accumulated data 

• a report of a consensus meet- 
ing on the use of iodine in 
wound care that was organized 
by the European Tissue Repair- 
Sodety was largely supportive 
of iodine 

• it showed that slow-release 
formulations that generate 
low concentrations of iodine 
in a wound were effective and 
non toxic 
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Key Points 

• the authors concluded that 'In 
the majority of clinical trials, 
antiseptics appear to be safe 
and were not found to nega- 
tively influence wound healing' 

• inaeased understanding of the 
factors that influence the activ- 
ity of iodine (e.g. pH, oxygen, 
free iodine concentration) 
together with those that con- 
tribute to cytotoxicity {e.g. 
presence of surfactants) will 
allow the development of bet- 
ter products 

• formulations that deliver a low. 
sustained dose of iodine have 
the potential to provide effec- 
th/e antimiaoblal activity with- 
out significant cytotoxicity 

• perhaps rts greatest strength, 
after over 150 years of use in 
hmsm, is that there is no 
evidence that bacteria have 
found a way of developing 
resistance 



were not found to natively influence wound 
healing' (91). 

An evaliiation of the evidence for PVP-I 
contained in 41 studies together with another 
14 literature sources used for background 
reaciing has recently been published (101). A 
hierarchy of experimental studies, descriptive 
studies and expert evidence was derived using 
defined criteria in order to judge the quaHty of 
evidervs. Overall 49% of artides did not 
support the use of PVP-1, whereas 71% of the 
'better' quality articles did support PVP-I (101). 

THE FUTURE FOR IODINE 
A recurring theme in the analysis of the 
evidence for any wound care treatment seems 
to be the paudty of good quality data, the poor 
design of studies and the low numbers of 
patients treated. Yet many dressings have 
gained aareptance without objective evidence 
(102,103). Defirutive cHnical studies (RCTs) are 
essential to substantiate daims of efBcacy of 
iodine. However, increased understanding of 
the factors that influence the activity of iodine 
(e.g. pH, oxygen, free iodine concentration) 
together with those that contribute to cytotox- 
idty (e.g. presence of surfactants) will allow the 
development of better products. Formulations 
that deliver a low, sustained dose of iodine have 
the potential to provide effective antimicrobial 
activity %vithoul significant cytotoxicity. 

CONCLUSION 

Iodine should no longer be regarded as an old- 
fashioned antiseptic. Formulations of iodine in 
earlier wound care products had serious 
limitations, but newer formulations have 
reduced those disadvantages. By the sustained 
delivery of free iodine at concentrations that 
retain antimicrobial activity without cytotoxic- 
ity for mammalian cells, it is possible to reduce 
microbial load and to modulate host cells to 
elidt responses that stimulate healing. When 
used appropriately, iodine seems to offer po- 
tential as an effective, broad-spectrum anti- 
microbial agent that can promote healing. 
Perhaps its greatest strength, after over 150 
years of use in humans^ is that there is no 
evidence that bacteria have found a way of 
developing resistance. 
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02^ THE USE OF CEHTAIN ANTISEPTIC 
SUBSTANCES IN TUB TREATMENT 
OF INFECTED WOUNDS.^ 
By H. D. DAKIN, D.Sc.. F.I.Cw 

TUB aZ&TEXI XiABOBATOBT* HEW TOBK. 



In ovder to make a judicious choioe of tbe antiseptic most 
likely to give nseful rosnlts in the treatment of infected 
woanda many different factors have to be conBidered in 
oddikiou to germicidal activity, incIudiD^ tbe imtating 
pL'opei'bies of the Babstances, tbeir toucity, solubility, 
ability to penelrate tissues and to be absorbed, and 
(Iieii* chemical reactions ^vitb proteins and other tissae 
constituents* 

TJie liilling of bacteria by crdinarv antiseptic substances 
is essentially a chomical reaction betit?een tlic antiseptic 
on tbe one hiand and tbo proteins and other oeU eonstitaents 
of the micro-organism on the other. The destrnction by 
autisoptics of bacteria suspended in water is easily 
cffocte<l| because no jprotoins are present in tbo mixture 
other than those derived ft'om the micro-orcanisni. Tbe 
destruction by antiseptics of bacteria mixed with blood 
serum, pus, and other exudate is much more difficult 
because the antiseptic acts not only on tho micro-organisms 
but on other protein sabstances as well. Therefore, in- 
judging of tbe antiseptic action oE a substance suitable 
for tlie treatment of wounds, it is essential that its germi« 
cidal action be tested against micro-organisms mixed with 
blood. senuD or -similar substances, and not sifnply tested 
against bacteria suspended in watler. 

The germicidal activity of all known antiseptics is greatly 
reduced by the presence of blood serum or similar sub- 
stances, and ia sonie cases this reduction is bo great that 
tho compound loses all practical antiseptic value. 

The folio wiug tablo contains results which Illustrate 
ibis enormous reduction in germicidal action by blood 
scrum in the case of scvcL*al common antiseptics. I am 
greatly indebted to my colleague. Dr. Maurice Qanfresne, 
lor all tho bacteriological rasults referred to' in tliis 
communication. 





WlihonI Blood Sernra. 


AVIfli Blood Bern lu. 


rbeuol 


1:250- 
1:500+ 


1:50- 
1:100+ 


S&1{cylleacid 


1 : 2,500- 
1 : 5,000+ 


1:100- 
.1:250+ 


ny.droeon peroxide ... 


1 : 3.$00- 
1 : 8,000+ 


1 : 1.TOO- 
1:2.009+ 


Icdioe 


1 : 100.000- 
1 : 1^.000+ 


1:1.000- 
1:3,500+ 


Mercuric cliloride ... 


1 : 5^.000- 
1 : 10.000.000+ 


1:35.000- 
1:50.000 + 


Silver nitrate 


1 : l.O00,0CO- 
1 : 10,000.000 + 


. 1 : lOJODO ' 
1 : 25.000 h 


Sodiumliy pooblori le... 


1:500,000- 
1 : 1,000.000+ 


1 : 1.500- 
1:2.000+ 


Benzene BO<ltanQ buI' 
iiliochlomiuide 


1 : 500.000- 
1 : lMXm+ 


1 ; 1,000- 
l:2j000+ 


Paraioluene Kodiniu 
60 Iphoobloramide 


1:750.000- 
1 : 1,SOO.OOO+ 


1:2.000- 
1 : 3.000+ 


A cetylcbloramino* 
dlohlorbeasaae 


1:500.000- 
1 : 1,000,000+ . 


1:2.500- 
1 : 6.000+ 



The fl<ui«ft'izidica:le the eoncbntration of ftniisepiio oeeeBsuy to 
sUriliee one dxop of a fre«h cuUure of StaphvltKoccut aumt in a 
' total volume -of 3 com. -aciiDK for tiro boors. + indioatae growth ; 
— IndicaUfl oomplefce eteriliBatlon. 

fiui m clibosing* a snitoblb antiseptic many other factors 
ih^.&ermicidal tcctiou need to be considered. Mercuric 
chlbrioe, which among tho substances I'eferred to. in the 
table shows the highest gennicidal action, is probably tbe 
least usefol and most objoctionable as an antiseptic for the 
' trclktment of infected wounds. It may; be ol use to con- 
< aider somo^of tlie limitations of the commonly used sub- 
stances referred to in the above >iable. 

* l*be work deaoribad in thja commanioation Tvas oarried out in 
lalMrstories at GompiAtfoe aui>ported by the Bookafeller Institute for 
Uedloal Beeeareh attacbed to Hospital 21 of the French army. For 
ooxdial c^peraUon in ttie preparation of a large namber of ohIor> 



iiiafl)e« sadoflier 'BQb8isnce»k anon wbtcb a detailed resort will be 
pabliflhed later. I an indebted to myfanaer teaoher,%PBofeasor J. B. 
Cohen. FJl.8.. d tfaa raivertitjr of beads, and to Dr. J. Kearoa. who 



P/t«no{ is characterized by very low germicidaKpowei*. 
especially when acting in the presence of serum. When 
used in sufficiently .high concentration for germicidal 
efficiency it is decidedly destructive of healthy tffisue. 

Hydrogen peroxide gives enoouit^ing results when 
tested against bacteria in the test tube, but when used on 
wounds the substance has little germicidal action, for it 
is deppmposed with tbe greatest ease by the enzyme 
catalaso prasent io all tissues and in the blood cells. 
Hence its action can only be exerted during a tnfling 
interval of time. The mechanical detergent action con< 
Uected with tbe rapid disengagement of oxygen f^&B on 
infected surfaces is probably of greater value than auy 
antiseptic action exerted by the hydrogen peroxide. 

An mteresting experiment related to me by PrafessoL 
£. K. Dunham may be quoted here. A rabbit wliich had 
received au intravenous injection of the Welch bacillns 
{B. ajsTOoenee captnlatus or B. perfringcns) was Idlled, and 
the iufectcd liver was romovcd and carefully sectioned. 
It was found that cubes of tho infected liver only I mm. 
in size could be immersed in and incubated witli hydrogen 
peroxide of moderate concentration without destmctiou .of 
tho micro-organisms, 

Hydroficu peroxide, as regards its antiseptic actioh, must 
be regat'ccd as of slight vaJuoi even ag&iust anaerobic 
organisms. . 

Mercuric chloride readily loses most of its antiseptic 
action in presence of many tissue constituentsi and, as is 
well known, is irritating even in dilute solution. It is 
useless for Uie sterilization of pus when employed at any 
reasonable coucentration. 

Silvnr nitrate is of greater value than mercuric chloride, 
but wlien. used in snfSciently high concentration is iiTi- 
tating. Ma,ny tissue constituents inhibit its action 
mai'kedly. The photo-sensitiveness of tlie silver compouuds 
formed is objectionable. 

Iodine, which has proved so valuable for the disiufectiou 
of sldn» has given much less satisfactory results when used 
for deep wounds owing to protein coagulation and irrita- 
tion of the tissues. The penetrating power of iodino is 
slight, and wounds which have been freely treated witli it 
arc apt to cicatrize more slowly than others. 

Sodiiun Itypochlorite has high geriuicidal action, and haN 
many other desirable properties. But sodium llypoclilorite 
as ottlmaiily ift'epared is of extremely variable composition, 
contains fi'ee al&ali and sometimos freo chlorine, and is 
consequently ifritatiug when applied to wounds. By a 
8im{)]e process, which will now be described^ it has been 
possible to render the hjfpodilurites much less irritating 
while retaining their antiseptic action nnchanged. 

PniNCTPLKS Involved the Pbepaeation of thb 
HvpocHLoaiTB Solution. 
Solutions of sodium hypo6blorito always contain free 
alkali even when prepared with the gi'eatest care. A 
so-called "neutral" solution ol sodium hypochloiite has 
an alkaline reaction. This is due not oniy to free alkali 
which may remain from the process of prepai'ation, but 
also to the fact that tiie hypodilorite in solation under- 
goes hydrolvtio dissociation giving &ee sodium hydroxide 
and hypochlorous acid. 

NaOlO + HsO KaOH + HGIO 

The extent of this dissociation has been measured by 
Duyk, and quantitatively it is very considerable. The 
irritating action of ordinary hypochlorites is largely due to 
this formation of free alkali. The extent of tbis hydro- 
lytic dissociation increases with dilution, bo that prac- 
tically hypochlorites cannot bo eSeqtively rendered uon- 
irritating by simply reducing the concentration, for a point 
is soon reached at which germicidal acticm is impaired 
while the irritating prc^eriies of the solution persist^ ^In 
a'ddition to the above sources of free alkali, it must not bo 
forgotten that alkali inay be liberated by tbe action of 
somam hypochlorite on proteins, a reaction in which the 
chlorine A the hvpochlptrite is attached to nitrogen in tho 
proteinsj as will-be shown later;' 

Now it is well known that certain fluids, such as blood 
and some other body fluids idso certain artificial salt 
solutions coi^tainingixtixture of salts of polybasid acids— 
for example, phospborio acid-^cire able to retain their 
essential neutraJity even after the addition of limited 
qnantities of acid or aikalL- This is dne.to the fact that 
the addition of acid or alkali simply cbanses the welaUve 



Aug. 2S, ipij]" 



THE USE or CERTAIN ANXISEPTIC SUBSTAKOES. 



[ 



319 



proportion o! two or more saUs of the polybasic acid 
prescnb in the solution. 

& Parting wiUi this idea, and ' employing tbo feeble polj- 
bauio acid, boric acid, it has boon possible to prepare a 
fjitiLple hypoohlorite mixture Yvhich maintains approxt- 
luate neutrality nndor all conditiona, is practically non- 
imtating, and wLicli, when properly applied, has gl7ea 
most euconraging results in the antiseptic treatment of 
wounds. It must be understood tbat the insignificant 
antiseptic action of boric acid has nothing to do with the 
employment of til is acid; u or is the boric acid employed 
for the purpose of liberating hypochlorous acid, as in 
Jjnmi^ro's or Lorrain SmiUi's preparations. 

TIic principle of * the pm^iaration is as follows : Chloride 
of lime (bleaching powder) is decomposed with a solution 
of sodium carbonate ' and tiie filtered, solution containing 
sodinm livpochlorite together -with a slight excess of 
alkali is mixed with boric acid in sncli quantity that the 
solution is acid to phenol phtlialein' suspended in water but 
still alkaliuo to litmus. The msultant solution contains a 
balanced mixture of hypochlorite and polyboxtites of sodium 
■with small amounts of free liypochloroas and boric acids, 
Tims tlie irritating action of free caustic alkali is avoided, 
for even if momentarily formed it Avould be at' once 
neutralized by the boric acid or acid borates present in the 
solution. 

Preparation of Sola Hons. 
The preparation of. a sointion of suitable concentration 
for direct application, containing 0.5 to 0.6 per cent, of 
sodiam hypoclilorite, may bo carried out very simply as 
follows : 

One hundred and forty grams of drf/ sodium carbonate 
(NaaCOj,), or 400 ^rams of the crystallized salt (washing 
8oda), is dissolved m 10 litres'.of tap water, and 200 grams 
of chloride of limo (clilorinaicd lime) of good quality is 
added. The mixture is well shaken, and. after half an 
hour, the clear liquid is siphoned off from the precipitate 
of calcium carbonate and filtered through a plu^ of cotton ; 
40 grams of boric acid are added to the clear hltratc, and 
tlie resulting solution is ready for use. A slight additional 
precipitate of calcium salts may slowly occur, but it is of 
no significance. The sointion should not be kept longer 
than one week. The boric acid must tiof he added to ihe 
viixiure h ef ore filtering ^ hut afterward a, 

A stronger solution may be prepared by decomposing 
chloride of limo with sodium carbonate in the propovtion 
of ISO grams of tlio former to 105 grams of tbo latter 
dissolved in a litre of water. The niixtui-o is 'filtered and 
a lueasurcd poiiion of it (20 com.) is rapidly titrated with 
a boric acid solution of known strength (31 grams perliti*e), 
using phenolphthaloin suspended in water as indicator, in 
order to determine the amount of solid boric acid to be 
added to the rest of the filtrate. An excess of borlo acid 
should be avoided, so that it is best to add slightly loss 
than the calculated amount. ' An ordinary alcoholic 
solution of phenolphthalein cannot be used as indicator, as 
the alcohol is at ouce attacked. 

* The concentrated sointion thus prepared contains about 

4 per cent of sodinm hypochlorite, and sliould be mixed 
with six p&rts of water bef(»ro vse. It can be kept for a 
month without serious decomposition. Such a solution is 
now prepared by Poulenc Freres, 122, Boulevard St. Ger- 
maiu, Paris, but it can easily be made at a negligible coat 
by any competent dhcmist, and I hope that ifc may be so 
made generally. 

Application* akd Results. 
To obtaip the best results it is essential to commence 
the antiseptic treatment of the wound at thu earliest 
moment possible, and to bring fresh quantities of the 
antiseptic solution in contact with all parts of the wound 

05 frequently as possible for a consideiublo period of time. 
This 18 natnrall^.a difficult problem, remitring dififereut 
pxethods for various t3'pes of wound. The methods of 
applying the solution which have been found useful at 
Compiegne will be described by Dr. Carrol* But to give 
some idea of tln> quantities of solution employed it may be 
mentioned that 5 to IQ o.cm. ma^ be introduced every two 
1 tours by. x^eans of rubber tubes into small wounds, using 
a pipette .or syripge, while for the irrigation of such wounds 
as. fractured fpmurs, accompanied by much destruction ol 
tissue, as juuch. as 1, .or even. 2, litres a. day. .may bo 
emx>l9yed.' The dilutcsqlation, prepared as describedi may 



be used in large qxiantities for tho continued irrigation or 
instillation of wounds for more than a week without pro- 
clacino visible irritation. It is extremely rare for slisht 
irritation of the skin to occnr, and this may be guarded- 
against by the application of vaseline to the sltin adjacent 
to the wound. ^ As a wet dressing the solution uia^^bo used 
almost indefinitely. A few comparative teats on similar 
surface wounds douot indicate that cicatri;uition is ddaycd, 
even by its continued use. 

The solution has the valuable property of assisting in 
the re^d dissolution of necrosed tissue, this being doubt- 
less due to the ability of hypochlorites to attack the (NHl 
jgroups present in pi-oteins witli formation of solnblo 
products. It has a certain haemostatic action as atcU 
but is actively haemolytic, and should not be injected 
intravenously. 

It is di€5cuU in a printed commuDlcation to produce 
simple convincing evidence of the usefulness of an autt- 
septic. Ilecords of a few individual coses treated witli 
brilliant results ore, of course, of no great value, for many 
infected wounds do well with a minimum amount of treat- 
ment, but tlie clinical results obtained diiLiug six months* 
use of tlic solution by a number of observers iu different 
hospitals warrant the belief that tlie solution is of genuiae 
value. By far Ujo most striking results aic seen in ambu- 
lances, where treatment can. be commenced a few hours 
after tho womid has been received. Among these cases 
the proportion of cases which at uo time show a sigoificaut 
rise in temperature and in which healing wltliout suppura- 
tiou occui-s is very large. In mauy cases it lia.s been 
possible to make comparative tests, with and without 
antiseptic, on similar wounds with strildug results. 
Ilecords obtained by means of serial coloured photograpIiH 
of tlie gradual changes in wounds of the most varied kind 
under diiferent conditions sliow dcfiuite diffei*ences in 
favour of tho solution, and in uo case has any objection' 
able after-effect been traced to the action ot the anti- 
septic. It should be stated that most of tlie cases treated 
with the antiseptic were kept under observation for several 
weeks until discharged as convalescent This is, of 
course, important for Jadgtng of tlic ultimate value of thu 
treatment. 

An idea of tho antiseptic properties of the solnUou may 
be gathei'ed fi-om the following figures: Staphylococci 
suspended in water are killed in two hours at a concentra- 
tion of hvpochlorite between 1 : 500.000 and 1 : l«000,bOO, 
while iu the presence of serum tlie necessary concentration 
is between 1 : 1,500 and 1 : 2,000. Streptococci arc more 
readily killed, while jujocyaneus suspended iu water in 
killed in two hours at a concentration betwceo 1 : 100,000 
and 1; 1,000,000, while iu scriuu bet\Yccu 1 : 2,500 and 
1 : 5,000 is necessary. 

Hypocliloritcs avc extremely activesubstances chemically, 
and they should not be tved in conjunction with other anti- 
septics nor with alcohol or ether. Wounds which have 
been previously treated with much iodine may talce on a 
dark colour, due to tbo re- liberation of iodine, but this is of 
no importance. 

' Many other preparations of hypochlorites have been 
employed at various times by cuffercnt workers. The 
more commonly recommended preparations ate the ordi- 
nary alkaline solutions of the hypoclilorites of sodiuuj, 
potassium (eau de Javelle), or calcium ; while mixtures of 
powdei'ed chloride of lime with boric acid have been em- 
ployed by Vincent, Lumi^re, and by Lorrain Smith and 
others.' It is believed that tho solution previously do- 
scribed, when properly applied to all paits.of the wound, 
gives better nSsults than can possibly be obtaiacd* from 
powdered preparations of partialty soluble materials. The 
local production of hypochlorites, hypochlorous acid, or 
chlorine iu high concentration, such as results from tho 
use of the powdered mixture, is much move dangerous for 
healthy tissue than is the oontinued application of a weak 
neuti-al solution of sodium hypodilovite. Generally speak- 
ing, our experiments with powdered substances have given 
macli less good clinical results than liave aqueous solu- 
tions. It is true, however, that aqueous solutions bood 
moro cara for their succossfid application, for it is esseutial 
tiiat they reach every part of the infected area, and tlmt 
the antiseptic should be renewed from time to time. 

Mode of Aotiom of Hvroc'ftutniTRS. • 
. When- a solution' of; a hypOfShloWto or of fivd hjrpo- 
chloi'ovis acid aets upoii organic siibstaiicca cQntaming tlio 
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=NH gtcnp the first reaction almost alwap consistB in the 
replacement of liydi^ea by.chloiriao with formation of 
Bttbstances of tbe group -known as diloramines.' All pixh 
tein substances contain an abandance of these gioups, 
^nd they readily react with hypochlorites: 

pNH + HCIO - ^NCI + HaO 

The ftntiseptic action of hypochlorites doubtless depends 
upon reactions of tliis type. It was' therefoi'e ioterestinf; 
to. examine many diffei-eub Tatiotics of the lai*go group of 
chloramiues in order to study their antiseptic actions. In 
this work I have enjoyed the co-operalion of Professor 
J. B, Cohen of the University of Leeuia. 

In the first place, it may oe stated that all substances 
cont-ainiug the s:KCl group were found , to be strongly 
antiseptic, and some of them will probably be found to 
have practical value. Proteius, sudi as blood serum, egg 
white, casein, etc., when treated with hypochlorites, give 
prodncta of high antiseptic valne, and undoubtedly com. 
pounds of this type are formed t'li sitn when wounds are 
treated with hypochlorites. This is doubtless an advan^ 
tage, as in this way a certain antiseptic action may be 
expected to persist even alter the free hypochlorite has 
cli^ppeared. 

' Substances such as acetanilide when treated with 
hypochlorous acid under appropriate conditions, carefully 
studied by Chattaway, give chloramiues— for example, 
acetylchloramiDodichlorbeuseue — which are sparingly 
soluble in water, but which uia^ be dissolved iu vaselme 
or lauoline. Altliough the genuicidal power of these com- 
pounds in very hi^ indeed, the action on infected wounds 
of strong solutions of them in vaseline or lanollne was not 
markedly superior to that of plain vaseline. It appears 
tliat, generally speaking, active ' germicidal action can 
liardly be hoped for fixim sparingly soluble antiseptics 
mixed with fatty substaiices. Anaerobic orcauisms can 
i<eadily gi-ow under the fatty film covciiug the surface of 
the infected area. 

On the otlier hand, certain aromatic cliloramines which 
form soluble sodium salts have- given most encouraging 
clinical results. The best of those compounds are the 
benzene or paratolueno sodium sulphoohloramides, both 
of which have be»i described by Chattaway. 

CHs 

0 Q 

^OaNaNCl BOaNaNCl 
Benzene sodium PajratolocDe eoclium 

sttlpbocbloraiuide. Bulpliochlorainide. 

These substances are exti'emoly powerful antiseptics, 
are practically non-iriitatiug, and can be used in much 
higher concentration than can the hj^pochlorites. A 
2 to 4 per cent, solution may be conveniently emplojred. 
In goneral, tlie action of these substances is similar 
to that of the hypochlorites, but more powerfully 
antiseptic. They have, however, no special solvent 
action on necrosed tissue, this being doubtless due to the 
fact that the active chlorine in these compounds is already 
attached to nitrogen. While the number of cases thos far 
timted with these antiseptics is smaller than those treaieci 
with the hypochlorite mixture, excellent results have been 
obtained in a number of badly infected wounds, notably 
compound f ractui-es of the femur. It appears probable that 
these chloramidcs, which are relatively easily prepared at 
low cost, and which have tlio advantage of being stable 
solids, may be found useful for other parpouses than for the 
treatment of infected wounds. Their possible applications 
will be the subject of further study. 

Benzene sodium sulphochloramidc lulls staphylococci 
suspended in water in two hours at a coucontiution of 
1 : 500,000, and the toluene derivative kills at 1 : 1,000,000. 
In the presence of serum the necessary concentrations are 
about 1 ; 1,500 and 1 : 2,500 wspectively. Bacillut fyo- 
cyanem.Ji. iyphotut.md B, coli are slightly more resistant 
tlian staphylococci, while B. arroQcnes cajmiTaiut and 
streptococci aro more readily killed. The concentrations 
refer to the weight of tlie crystallised salts. It will be seen 
that the molecular concentration of toluene sodium sulpho- 
chloramide accessary to kill staphylococci in the presence 
of semm id only atwut one-fifth of tlie correspondingly 
aictivc molecular coucontratiou of sodium hypochloi-tte. 
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DcRiKO the present war many cases of nerve injury have 
been record^. The injuries are produced for Ujc most 
part by rifle bullets, fragments of shell, and slirapnel. 
Primary suture is frequently out of the question, and the 
wounds are allowed to Imal without any attempt being 
made to suture the divided nerves. Later, secondary 
suture is required, and often tlie divided ends have to be 




sought for in a large amount of scar tissue. It is essential 
in oases of tiiis sort to protect the junction so as to avoid 
ingrowing of scar tissue between the nerve ends, and 
consequent failure of the operation. To prevent this 
various substances have been used, including decalcified 
bone tabes, gelatine tubes, animal's artery, paraffin wax, 
Cargile membrane,* and human. vein. Sherrcn {Injuries of 
Nerves) prefers chromiclsed Cargile membrane. 

For some years I have been using portions of vein in 
the mflnner here illnatrated. The most suitable vein for 
nerves of the upper extremity— as, for instance, the 
musculo-spira), the median, and the ulnaL*--i8 the basilic 
vein at a spot between its commonoemenb and Uie point at 
which it pierces the deep fascia of the upper arm. A. 
segment of the vein abo^t . 1^ in. or 2 in. iu length is 
excised and threaded on a sinus forceps as in Fig. 1. Ono 
end of the nerve is then caught by tlie foitxips, aind the 
sleeve palled over as in Fig. 2. The enda of the nerve are 
then freshened with a sharp scalpel and sutui'ed with fine 
catgut. When the eutui-e is complete the sleeve is pulled 
over the junction, as in Fig. 3, and fastened to the nerve 
sheath by a few points of suture. The vein thus apulied 
is intended to form an aseptic sheath for the nerve, \o keep 
the ends iu secure apposition, to du*oct tlio growth of the 
new axis cylinders, and to prevent the ingrowth of scar 
tissue fi*om the outside. Any vein of suitable size will, oC 
coarse, do, and in the lower extremity a portion of the 
internal or external saphenous \vill probably be the most 
oonvonient.* 

The sleeve must be gulled over the first nervo end before 
trimming so as to avoid damage to the freshly cut end. 

Possibly this method has been in use by others, but I 
have not seen it used or describod up to the present. 

' roriloneuu of (be ox. 
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lodiae in Medicine and Phannacy 
Since its DiscoYeiy— 1811-1961 

1^ Rands CKdly bsbpIid nacifMdon) 

To compress into' one fnief hour the whole 
medical lustory of iodimsinoeitsdiscovefy by the 
Ftench cheinist» Bemard Gburtois, one hundred 
.and fif^ years ago, is manifestly impossible. I 
prc^se, therefoxe, to follow onty one or two of 
the more important threads that mako-up the 
waipand woof of what for me has always been a 
fascinating story. 

like so mai9 otiber sdeotific advances, the 
i&scoveiy of iodine was a discoveiy quickened 
under the uigency and pressure of war. At tiie 
be&nning of the nineteenth oeptury, France, 
obedient to the dictates of Napoleon's ambitious 
dreams* was fighting with*ahnost all her neisJi- 
bours and ^ needed enormous qpiantities of 
gunpowder to do the job. Hemmed-in on land by 
the armies of Prussia and Austria, and blockaded 
at sea 1^ the British Navy, her supplies of chemi- 
cals necessary for the manufacture of gunpowder 
were cut off. One of these diemical essentfals was 
saltpetre - nitrate. "What did France do 7 As she 
was unable to get nitrate from bcyondher tx)rders, 
she made it at hom^' artificially. In specially 
constructed nitre beds. And it was ^^lile engaged 
in the manufacture of saltpetre on one of these 
artificial 'nitre plantations', near Fiaris, that 
Bernard Courtots made his discovery . 

The story has often been told. The key-point is 
that to make saltpetre you must have a plen^ 
supply of soda. Courtois obtained his soda iirom 
the ashes of seaweed - called variously vorec, 
mvcA, orvarveftiaftaicl|,andw/oefeor»more 
commonly, /rejp.hi J&tglidi. Extraction of the 
sohible sodium carbonate from the seaweed ash 
was carried oat in metal vats^ and after 'suocesshre 
extractions tiiere remained at the bottom of *the 
vessels a tiiick mother liquor encrusted with tJOr 
soluble material. 

From time to time it was necessary to dean out 
Uiese deposits with the of add and heat It 
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seems that one day Courtoia added stronger aad 
tiian usual, for he was astonished to see intensely 
beautiful violet-coloured vapours arising from the 
mixture. He noticed, furthermore, that these 
vapours formed a deposit of lustrous metal-like 
crystals on the cooler parts of the vessel. 

ilere was a new and strange phenomenon. His 
curiosity aroused, Courtois scraped off some of 
the mysterious substance, and, by a brief examina- 
tion, .determined its more obvious c h e mira il 
properties. .But he was far too busy with the 
maiuigemciit of his saltpetre fiactory to carry his 
investigations veiy far; so he gave spcctnieas of 
the new product to his closest profesdonal 
friends asking them to continue the study where he 
had left off. Among those who received sped* 
mens were Gay-Lussac, the most distinguished 
French diemist of his day« and.also Amp6r& 

Now, all tlus hapjiened towards the end of the 
year 181 1 -probably in tiiemontii of November- 
ttie exact date of the discoveiy of iodine is not 
known. 

Two years dapsed. 

On Octpber 27, 1813, there arrived in Paris 
j&om En^and a- remarkable quartette. They wm : 
Sir Huinphry Davy, theendnent English chemist; 
his temperamentally unpredictable wife, La^y 
Davy; her ladly's maid; and Davy's asdstant and 
vale^ none other than Midiad Faraday, then an 
obscure young man of 22, v^o was evmtually to 
becono more famous than his master. 

Remember that England was then at war with. 
France; but ]n.tiiose days ware were solely the 
afihir of soldiers and sailors; men-of sdenoe con- 
tiimed to correspond with eadi other and re- 
mained constant^ on good terms. So it was that 
when Davy expressed a desire to pass through 
Franoeonajoumey to Italy, Napoleon, always an 
ardent patronofsdcnceb immediatdy ordered that 
passpbrts be Issued. 

Among the first to greet Bayy on his axxival in 
Paris was Amp&re who, in an eager and g^iecoos 
moment, gave Dayy a sample of the unknown OC, 
as tiiey called it^ Davy got to work upon Jt a<i4 
soonsattsfiedhimself that it was a new dementary 
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sul^stanoe aiuJogoiis to chlorine. On tour, Davy 
always carried a compact tiavelliag laboratoiy 
around with him -a 'dienustry set* we would call 
it nowadays. 

Gay-Lussac - Davy's only professional equal 
in Bnanoe, or indeed anywhoe eke - was fiirious 
wlien he heard what Ampere had done. His 
irritation is understandable. He was annoyed* not 
so much with Ampere, as with himself for being 
so slow. After all, he luid had substance 'X* in his 
hands for two years and had already proved its 
elementary nature; but alas, had published 
nothing. 

There followed an undignified scramble Into 
print to establi^ priority* and a bitter "priori^* 
quairei broke out between Davy and Gay-Lussac 
The details need not detam us ; they are well doco- 
mealed. 

For posterity, the happy outcome of these 
controversial days was the birth of a new and 
beautiful element Its name» given by Gay-Lussac 
in French - *iode' - and anglicized by Davy - 
'iodhie* - is derived, like so many of the loveliest 
words in English, ftom the Greek - from the 
word } oei meaning 'violet odouied*. 

From Folk Medicine to Rational Therapy 
Conqyaratively soon after its discovery, iodine 
found favour as a therapeutic agent - a m^licine. 

Looking backwards from the precarious heights 
of ] 961 down through the past century and a half, 
we can discern two distinct lines of advance 
which could not» of course, be foreseen by those 
who launched iodine upon its medical and phar- 
maceutical career. 

The first illustrates perfectly how, as medical 
science progresses, the unexplained virtues of a 
traditional rernedy - some part of folk medicine, 
let us ^y - become wholly intelligible when ex- 
posed to the light of exact Inolo^cal knowledge. 

In 1656, more than one hundred and fifty yeais 
before the discovery of iodine, a London physi- 
cian called Thomas Wharton described and named 
a gland in the neck: he called it the thyroid gland - 
the shield-shaped gland. He says: 'It contributes 
much to the beauty of the neck, filling-Hip the 
vacant spaces around the larynx, making its 
protuberant parts smooth, particularly in females, 
to whom for this reason a larger gland has been 
asdgncd, which renders their necks more even, and 
more beautiftiU* Unhappily, thyroid glands do not 
always retain these delicate proportions. They 
sometimes get out of gear inside, and grow into the 
huge unsightly sv^Iings that we describe under 
the general temi of goitre. 

Goitre has troubled mankind from time inir 
memorial; and from time immemorial man has 
sought to ovensome it. Centuries before the 
disooveiy of iodine^ the most highly-prized remedy 



for goitre was a concoction containing the ashes ■ 
of burnt sea sponge. Some say that this remedy 
originated in the vciy early medical experience of 
China, where goitre then abounded and indeed 
still abounds* Oer tamly the burnt-sponge reznedy 
was known to European medicine in the Middle 
Ages (thirteenth century, let us say] and eventually 
found its way to England, where, in themid-1700s, 
burnt sponge was famed as the 'Coventry Remedy*. 

For many a year, the Coventry recipe was held 
secret by the family of a Dr Bate of that town. 
They administered it with such success as to gain 
th^ a wide reputation and no small fortune. Only 
in 1779 was it disclosed that the essential ingredient 
was burnt sponge. 

Now, in 1819, eight years after the discovery of 
iodine, Andrew F^e, then lecturer in chemistry at 
the University of Edinburgh, found that the com- 
mon sea sponge always contains exceptionally 
high quantities of iodine. Although Fyfe did not 
resize it, his discovery was unportant becaxise it 
provided a link in the chain of evidence that proved 
iodine to be the active curative principle in burnt 
sponge. * . 

Jn the same year (lB19}aprofflLnent physician in 
Geneva, Jean Francois Coindct, ignorant of Fyfe's 
findings, but aware of the virtues of burnt sponge 
and of seaweed ash as remedies for goitre, sus* 
pected that iodine, discovered in seaweed but a 
few years earlier, might be the active therapeutic 
agent common to these two marine products. 

Coindefs test of tlus hypothesis met with 
dramatic smyesgi By giving tincture of iodine to 
goitre patients - there were- plenty of them in 
Switzerland, his native country - he could 
appreciably reduce large goitrous swellings within 
a week. So spectacular were his results, that every- 
where they gained a vAds publicity, and Coindet 
is generally regarded as having been the first tp 
introduce iodine into medical practice in this way. 

Claims for this honour have also been advanced 
by the celebrated English physician and chemist, 
William Prout, who stated (in 1834) that he first 
employed potas^um iodide as a remedy for goitre 
in 1816. He says, also, that he told Dr John 
Elliotson about it, and that Elliotson commonly 
presaibed potasshmi iodide at St Thomas's 
Hospital aseariy as 1819. 

Although these claims cannot be verified in any ' 
contemporary record, there is no reason to doubt 
them. Incidentally, Dr Elliotson was the first 
President of this Society after its incocporation as 
the Royal Mcdkal and Chirurgica] Society of 
London in 1834; his name appears in our fint 
Qiarter, and there is a good portrait of him in 
the Cmmcil chamber on the 4th fioor. 

Hard on the heels of Coindefs remaricable 
therapeutic results came the suggestion that the 
cause of goitre is a lack of iodine in the system 



. brought about 1^ a defidemy of tiks-deaieiit Sxi 
wafer, soil, and food* Orodit for ttiis belongB to tha 
Erem:}! dioiiist, Oaspard Ad(^phe.C32atiii who, 
between the yeais 1850 and 1876, foond tbat the 
Iodine content of waters, and of foodstuSii of 
vegetable oil^ ^own in goitre areasy was less 
than thatin healthy areas! 

Unfortunately, Chatin's conclusions failed to. 
convince his contemporaries, and his attempt to 
establiah .a causal relationship between enviroD- 
.mcnta} Iodine defidenc^ and the occurrence of 
endemic goitte lay neglected and forgotten until 
the end of the nineteenth century. 

To-day, the opinions of Colndet and of Chatia 
stand completdy justified. First step in then- 
vindication was the fnndaifiental discovery in 
1895» by the German chemist Baumann, that 
iodine is an invariable constituent of the normal 
thyroid eJand This at once gave point to the 
iodine treatment of goitze introduced by Goindet 
seventy-five years earlier. Next moior advance re- 
sulted from investigations carried out between the 
years 1913 and 1919 by B C Kendall at the Mayo 
Foundation, Rochester, N.Y., who. was the first 
to isolate the iodine^ntaining hormone of the 
thyroid glan^ in crystalline form. He named it 
'thyroxine'. .Then came the notable woric of 
Sir Cliarles Harington, around the years 1925 to 
1930, who determmed the exact dbemical consti- 
tution of thyroxine, proved that the molecule . 
contains four atoms of iodine, devised means for 
its artificial synthesis, and drew attention to the 
.principal chemical features respdadble for .its 
specific physiological activity. 

*It is interesting to reflect*, writes Sir Charles, 
'that even if we date the first therapeutic use of 
burnt sponge from the middle of tfie thirteoith 
century,* this remedy was Icnown as a spedfic for 
thyroid disease scnnc five hundred aiid fifty years 
before the discovery of the eldneat'to which it 
owed its activify, and some six bundled and fifty 
years before the find demonstration of the role of 
the element in Uie eoonos^ of the thyroid gland 
itself.* 

. This gradually unfolding knowledge brought a 
new outlook on the whole question of local iodine 
defidcnpy as a cause of goitre. Soils, foods, and 
drinldng-waters firom goitrous and non-goitrous 
refijons have been examined n&esh by refined 
modern techniques, and the results amply con- 
firm Chatin*s dictum tlmt where iodine is scarce - 
either in absolute or relative terms - there also 
wiU you find goitre. 

Through the enlightened efforts of tho Work! 
Health Organization goitre surveys have been 
carried out an over the world in recent years and 
we now have 18 maior countries where, by law, 
all kitchen and table salt is iodiased in the interests 
of pnblic health. Twenty othcacs, hesitant to im- 



piKo'legal impulsion, nevotheless oiBcialhr 
courage t&b commnnity juse of iodized salt as 
preventive.measure hi thepnblic interest. - 

After aD, aoconling to best e&timates, there are 
hi the worid to-day 200 milfion people whQ.sufier 
ikom thyroid deficiency m greater cv lesser degrees 

I wo^d mention here that iodizatkm olTsalt to 
prevent' goitre is no new-fangled notion. It was 
first recommended one bundled and thirty years 
ago^ in 1831, by that delightful character,: J B 
Boussingault - mining engineer, diemist; agro* 
nomist, traveller, ton vivant - probably the most 
peripatetic sdentific Frenchman of his day who, 
on his travels in South America, noticed that the 
natural salt deposits, instinctively preferred by the 
peoples of goitrous districts in Cokimbia, con- 
tainedmostSodhie; 

General Therapy 

But enough of iodine-deficioicy goitre; let us 
move to another chapter in the iodine story t- the 
ups and downs in Its career as a general thecUpeu- 
tk; agent, and as antiseptic and disinfectant. 

Around the time iodine was discovered, French 
medicine was. in tiie ascendant; traditional 
methods. - bleeding, purging, the leech - were on 
the way out and yielding place to die fiist be- 
innings of expodmental pharmacology. Pioneer 
in this new movement was Francis Magendie 
then at theheigpxt of his fame as^ ejcperhnenta- 
list. He it was who first.put ioifine hito a phanna- 
cppoela - in the year 1 821 . 

In the first flush of enthusiasm for the new- 
como'i phy^cians and surgeons tested it and triod 
it for every conceivable pathological condifion. 
The ^variety of diseases for which iodine was 
prescribed in the early years is astonishing - 
paralysis^ chorea, scrota, lacrimal fistula, deaf- 
ness, distortions of the spine, hip-joint disease, 
syphilis, acute infiammation, . gout, gangrene, 
dropsy, carbuncles, whitlow, chilblains, bums, 
scalds, lupus, croup, catarrh, asthn^ ulcers, and 
bronctdtis- to mention only a few. 

Indeed, tincture of iodine, iodoform, or one of 
the iodides, was applied to inmost every case that 
resisted the ordinary routine .of pracfioe; and 
between 1820 and 1840 there appeared a remark- 
able series of essays and monographs testifying 
to the extraordinary benefits to be adiiBvadby this 
new and potent rcrnedy, 

. In the Great ETchibltion at the Oystal Palace In 
Qyde Fark in May 1851 iodine and iodine .conn 
pounds were pubficlyshown for the first time by 
ten phaxmaceotical firms, including Hopkin and 
Williams of London, and Howards of Uford- 
both still gomg strong. 

Iodine preparations were urged and accepted 
into the presotibers' mftnuals of the day in rapidly 
increasnig numbers. The first British Phannai- 
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copcsia (18^) made a rigid iselection of 14 pr^a- 
mtioos; by 1890, to choose a date at random, the 
6th edition of Martindale's Extra Pbannacofweia 
sponsored 30 medicaments derived from iodine; 
^ Iodine Centenaxy Volume' ooropiled by The 
Fifescriber' in 1914 mentions 45 iodine prepara- 
tionB* by 1928 'Martindale' bad extended its 
coverage to 128 iodine items; and, in an Inter* 
natianBlIadexpublishedin 1956, and devoted ex- 
diudvely to iodine pharmaceuticais^ no less than 
1,700 approved pfaannacopoBial names, pro* 
prietaiy names, ^onyms, and alternative deog- 
nations are alpbabetic^Iy listed. 

Dei the besoming, methods df apjdyhig iodine 
wexe scarcely less numerous than the variety of pre* 
parationsai^able. The element was admhiistemi 
as vapour; as nascent iodine; in batbs; in piOs; 
in sweets; by inhalations; by irrigation, ioni- 
zation and eiectrophonssis; in cigarettes; in 
tobacco, soaps, Bnuff, medicated matdies, dnt- 
ments, creams, hair>tonics^ > dosting-powders, 
siQjpodtories, plastecg, contraoq>tives, and even 
in an abortifadent. 

•I'liannaceutica] literature of the nineteenth 
century is studded with iodine epoiiyins -Biyuit's 
sheny; CSjurcbiirs caustic; LugoFs solution; 
Audi's paint; Morton's fluid; Nouny*s wine; 
Vanier^s ^vup; Whitehead's vamish-and so on. 
These men gave their names to Uie particular 
iodine preparations they invented and found use- 
ful. In Frendi hosptalsitwaa common practice to 
hang-up, on the crossbeams of the wards, strips 
of gauze steeped in iodoform (for all tiie worid like 
old/ashioned fiyi^apers); and, in one Fttris in- 
finnary, the ward floors were strewn with dried 
seaweed in the belief that iodine emanations 
would pervade the atmoi^pherB mtb ben^dal 
effixt. 

Wtdun a veiy ^bort time of iodine's entry into 
me&ine around 1820, ordhiaiy people like our- 
'^lyes, doubtless encouraged by the patent medi- 
dne vendors of the day, took to canying little 
bottles 0f iodine hung round their necks, like 
amulets to chaim away disease. Later, this prac- 
tioe fell into dlsrq;nite; twt, oddly enougih, was 
revived even in our own day. 



Antiseptic atuiDisatfietmi 
First qjedfie reference to the use of tuicture of 
iodme in wounds appeals to be that made in 1 939 
iqr John Bavies, Surgeon to the General In- 
&macy» Hertford, whose Textbook on Surgery' 
indnded a a>ecial section cm the application of 
tincture of iodine to lacerated,- contused and 
punctured wounds. I& did this, he says, *to bring 
into general notice a remediy whc»e superior 
cisiHtive properties, as an external ^pplicathm, 
i^ppear to be but little known to the Profession*. 



The earliest recorded account of iodine tincture 
bdng applied to war wounds wounds sustained 
on the battle-field - relates to the American 
CWilWar. 

On September 29, 1*862, Colonel John B Gordon 
held the centre of General Lee's am^ at the battle 
of Antietam, or Sharpsburg. The first voll^ firom 
the northern lines sent a ball through the calf of 
Gordon's right leg; soon after, another went 
through the musclesof his thigh; a third pieroedhis 
left 2iau tearing asunder the tendons and mang* 
1 ing the flesh ; a fourth ripped through bis shoulder 
leaving a wad of dothbg embedded m its track. 
Stim, np bones were broken; but, wldle Gordon 
lingered in the firing Une, Nrith'* as ha says Urn- 
self, 'but little of my usual strength', a fifth ball 
stxnckhlm squarely in the face. 

Dr Weathedy of die 6tli AlabamaRegiment,m 
charge of medical airangements, had the Colonel 
removed to a base hoqiita], and prescribed tu»- 
ture of Iodine to t^e pahited on the wounds three 
or four times a day. The case was unpromishig. 
Gordon's o^idsweregreatly swollen; one^ was 
completely dosed,* the other akuost so; his jaw 
was hnmo^bly dendied^ and, to make matters 
worse, erysipelas had set in on the left arm. 

Mrs Gordon, his vrifis^ yiho nnrsed him - her 
name was Fanny, and.she was then a beantiful 
^ of 25 - put a liberal interpretation on her in< 
stnictions and painted tlie wounds, not three or 
four times a day, but, as Gordon himsdf says: 
'I thhik three or four hundred times a ciay.' 
Fann/s diUgenoe ^d devo^on were rewarded. 
Her husband survived, outlived the war, became 
Governor of Georgia, aGeneial, and Commander^ 
in-ddef of the lAiited Confederate Veterans. 
HeiUedfail904. 

And so it came about that in every war 
throughout dio remainder of the century, and 
faideed until the end of the 1914-1918 war, iodme 
tineture was dedared a requisite in fl^ fidd 
hospital stoits and pharmacy waggons. Those of 
you who are old enough mlt remember the 'first 
fidd dressing' of 1914-1918, tucked into a ttttle 
podoet on the left-'hand inner»5ide comer of the 
battle tunte. It may fairly be sdd that at tiu be- 
ginmngof the Pint World War most surgeons fdt 
secure in the bditf that a prompt application of a 
solutkm of iodine in spirit would -suffice Ibr the 
primary direction of a wourul of moderate size; 
and tiiat was why a small capsule of 2% tincture of 
ioduie was induded along with gauze and safely^ 
pins in the -*fixst fidd dxessmgf . 

Unhappily, thefieldconditions underwhidi that 
war was waged Inevitably gave rise to grossly 
infedted wounds against whidino chemical anti- 
sqpdc was of aqy avail whatever, wdess applied 
ine3[cesrive strength riamagii^g to the living tissue. 
.Hie technical reasons for tfab foilnre of iodine to 
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Table 1 



(I) 



FROM FOLK MEDICINE 
to 

RATIONAL THERAPY 



4th toBth 
Century 



1779 



1811 



1813 
27 0cL 



1813 
29 Nov. 



1813 
6Dc& 



1813 
10 & 11 Dec. 



1816 



1816 



1819 



INFUSION OF SEAWEED uacd to treat thyroid eolargcoicat (goitre) 
by Chinese physician Kb-Huno (281^61). Wano Tao ^th 
Century) lists 36 goitre prcscnptioiu, 27 of widch cantain 
preparadoiu of seaweed or other marine product. 

GOVENTRy REMEDY. A secret remedy for goitre, now known to 
have contained **calcined spunge" brought a wide reputation 
and no unall &rtimc to its owners, a doctor and an apothecary 
in Coventry. Detafls vrere pufal^ed In 1779.. 

DISCOVERY OF "A NEW SUBSTANCE" in seaweed aih fay 
BERMABn CouRTOia (1777-1838). Not announced until 1813. 

ARRIVAL of Humphry Davy C1778«ia29) in Paris m route to Italy. 
Given a sample of the new luhstance; submitted it to experi- 
ment and *'aoott satisfied himself that it was a new dcmentary 
body analogous to chlorhie.'* 

FIRST PUBLIC ANNOUNCEMENT of Courtod* discovery made 
by a B. DesfiftiiES (1777-1862) and N. GL&iBNr (1779-1841) at 
meeting of Imperial Institute of France. 

NAMING OF IODINE. J. L. Gay-Lussac (1778-1850) made known 
the results of '^ preliniinary eaperiments* claimed the substance 
to be a new doDcnt and named it /ffdSb 

QONTROVERSY. From Paris. Huufhry Davy sent communications 
to The Royal Sodecy of London and' to the Imperial Institute of 
France seeking to establish that hci not GAY-LinsAO^ was the 
the first to prove iodine an dement. 

FIRST MEDICAL USE? Writii^ in 1834^i WttUAM Faotrr, wud„ 
(1765-1850) claims that be firat used potassium Iodide as a 
remedy for goitre in 1816. 

DISCOVERY IN SPONGES. . Andrew Fvfe, m.d. (1792-1861), 
lecturer in chemistry, Edinburgh University and later professor 
of medicine and of cfaemaitsy at King's CollegCa Aberdeen, 
demonatrafeed that iodine is a nonnal constituent of the eommon 
sponge. 

TINCTURE A GOITRE SPECIFIC. J. F. Coindet, ii.D. (1774-1834) 
of Geneva, .announced in 1620 to the Swiss Society of Natural 
Sdoices hb discovery, a year previously, thai iodine tincture is 
a spedfie for goitre. CoxMnaT b genendly regarded as having 
been the first to introduce iodine into medical practiotf. 



1819 



1831 



1838 



1846 



1850 to 
1876 



1895 



19X3 to 
1919 



1925 to 
1930 



1952! 



SAINT THOMAS'S HOSPITAL. John Elliotbon*, ica, vm, 
(1786-1868). Adopted potasnum iodide as a remedy for goitre 
8t St Huanai*! Hdqsital on the Buggettion oT Fkout (q^. 1816). 

IODIZED SALT JIRST REC50MMENDED. J. B, Boussinoault 
(1802-1887) noticed in 1825 that local salt supplies instinctively 
pieiened by the inhabitants of goitrous distncts in Colombia 
CTr*«;T^...4 moat iodine. He therefere geooBnmended the iodiza- 
tion of cooking laltfor gqiire f^cvtnticm. 

VIRTUB IN HARROGATE WATERS. Dr. James Inoub observed 
that goilie was conunon in tfao cottntsy around Hanogate but 
rare hi the town itself. He asoBied this tnummity to the presence 
of iodine and faranune hi the Hairogate water. 

IODINE DEFICIENCY THEORY. Arguing finm the sucoessfiil 
therapeutic ioulti Qfataincd by Ooindet (9.9. 1819) wth 
iodine, J. L. Fii£vosr (1790-1850) of Geneva, in oonaboration 
with hii Italian colleague A. a Mavfonk (1806-1878) first 
Buggated that a deficiency of this very elemcot in ddnking water 
h the cause of simple endemic goitre* 

FIRST CHEMIdAL FROOF, by the French analyst G. A. Chatin 
(1813.1901)« that deCcicncy of iodine in tar, ivator. soil and food 
b the prhnary cause of endemic goitre. 

DISCOVERY IN THyROID. Fkmdamental discovery that iodine ii 
an invanable constituent of the nonnal thyrold.gIaod was made 
by B. A. O. BAiaiAiiN of Freiburg. 

ISOLATION OF THYROID IODINE HORMONE. The iodhie- 
ooatalmng principle, of the thyroid gland was first isolated in 
cryitaUine foixn by E. GL Xsndau, buk, Rochester, who showed 
It to contain 65 per eent of iodine^ and named it Tfymm 

SYNTHESIS OF THYROXINE. Ghabuu R. Hawnoign, p.iu«.j 
detcrinined the chemical constttiiiion of Tlffntdnt to be tetnp 
iodothyrooinc, devised mean»*fbr ks artificiBl syntheus, and 
pointed out the principal chemical lhaturcs rcsponsihle for its 
specific physiolciglcal activity. 

TRnoiXyiHYRONINE. Discovery by Jaok GUMi axid RoSAUND 
Pxrr-RrvBas that Tmodothyninm is present in the tfayxmd ^and 
and ibnns a proportion of the circulating liormone» maris a new 
forward step towards eventmd cta ddaii on of predw chemical 
and phynoIoBical purpose of iodine within the animal body. 

Gtottr In 1834. 



(S) 



1. J. G. A. Lugol 0766:1 851). oriftn- 
ator of tha aqueous solution of 
Iodine (with KI) far treating 
scrofula. 




2. Humphry Davy. (1778-1829) wrote 
the first account of Iodine in 
English. 



3. Gaspard Adolphe Chatin (1B13< 
1901) first to show that deficiency 
of iodine in air, water and soil is 
associated with the occurrence of 
endemic goitre. 



4. Eugen Baumann (1846-1896) dis- 
covered that Iodine 1$ an invariable 
constituent of the normal thyroid 
gland. 




S. ThoinasWharton(1614-1673) des-. 
cribed and named the thxrold 
gland in 1656. 




6. Jcan-f rangals Colndet (1774-1 634) 
introduced tinaure of Iodine as a 
goitre specific in 1819. 




(5) . 
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MATERIA MEDICA 



lB2t 
1821 

1822 
1829 
1829 

1839 
1851 

1862 
1864 
1865 

1873 

1881 



MAGENDIE'S FORMULARY. lodSne indiided Sac ifae iiist time in 
a pKscriben^ manual-^e Flumaia^ of Francois Maobmdib 
(1763-1855). 

lODlNETINGTUREINTRODUCEDTO ENGLAND. SirAaaatjevi 
HALLIDAY4 11.D. (1761-1S39) fint to make detailed recommenda- 
tions to the medical profeaion in England of the therapeudc 
vses and advantages of iodine preparations (especially the 
tincture) for discasei other than gcdtre. 

IODOFORM discovered by the French chemist, Sekollas. Arguments 
for and against its medical efficacy eoatinued throughout the 
19th Century. 

INHALATIONS OF IODINE VAPOUR first recommended fay SSr 
JAUBS MinmAV. mJ)» (1708-1871) ibr consmnptioD, Group, 
catarrby asdma and other respcatory diseases. 

lUGOL'S SOLUTION. J. G. A. Luool. (1786.1851), phyndan in 
the Hospital of St Louis, Faxis, introduced the aqueous solution 
of iodine (with KI) for the treatment of "les mahkdica scxoiU^ 
lemcs**. Wrote three memoirs on the subjecL 

WOUNDS. Flnt apcdfic re&rence to die use of tincture of iodine in 
uMundt miule fay John Davies, suigeoi^ Hertford. 

POLAROID. WnuiAM B. Herapatb. (1796-1868), professor of « 
chemistry at Bristol Medical School, discovered that iodoquinine 
sulphate ("Herapathlte*'} has ligfat^larizfaig properdei. Foce- 
. nnmer of the modern Ptfiarsid^ 

BATTLEWOUNDS. Earliest recorded account of lodhie tincture 
apidied io ivounds aatmud mbaUU (Ameiieui Civil War). 

lODlNB finds a place m the 1st BritigfaFhannaeo p orftt as XidiBM^ 
/(nS and Tuidittra /erft. 

ANTISEFTIG. A. A. Boinbt, Frendi luigeonf p ublbhed his dasncii 
JmbMapii, in which he describes iodine as ^na antisqitiqtu^ 
un dcnnfixtant pr£cieux«'' 

GERMICIDE. G. J. DavaimBj French bacteriologist; first knmingb 
to employ ioduie tSncture as an agent ibr the destructiott of 
Infective aK]pmsnis (anthrax). 



ROBERT KOOH (184^3-1910). By common consent Ae greBteat pure 
bactBciolagiat of his era. First to cmphBiiir the gamiddal 
* potency of ogusDur Iodine solution. . 



(G) 



1902 



1908 



1910 



1916 



1919 



1921 



1939 



1949 



CATGUT SXERXUZATION* M. CLAVonn, Danish bacteriologist, 
imuiguiated a ntw safety era in surgery by rccommendlos 
aqueoui Boludon of iodine for the ttcrillcatioit of ainsical sutures. 
Aqueous iodine remaini today the only eSbctive thmital di»- 
infectant of raw catgut 

SKIN DISINFECmON, Gernum nirg^eon, A. GaosaicK, was first to 
define and apply a rigid teclutxque-i^aiown as the Gmssich 
(tfcftjiiguf— -for pre-operative sldn sterilization by meani of Iodine 
tincture. 

'BRYANTS SHERRY." Synonym ibr tincture of iodine. London 
surgeon Thomas Bryant* (1828-1914) wrote in 1910: "Alter 
40 yeaiB experience I am pleased to express an opinion diat it 
[Iodine] is mthout doubt the best antiseptic that surgeons of the 



'9I]^P". RtmoitFoan Morqon, fji^os* {1853-1939), famous Ncw- 
casde surgeon, originated Slfip (Immuth iodoform paraffin 
paste). "In Bipp we have discovered an antidote to true sepsis, 
and can leave dirty wounds undressed for a whole month." 

TRANSITION. Aisxandsr FuanNO (188M9S5) fay exhaustive 
experiments at St KCary^s Hospital. London, in collaboration 
with fir Aumofm Wkiokt, proved condurively that disinfection 
oTan already infected wound by any then Icnown diemical dis- 
iaiectant (iodine among ihcm) is not possible except at a 
strength destructive to body tissues. Ten yean later (1929) 
STr AuxANDER FLsmNo, vjLs.f (fiscDvered the fiiat aatibiotie, 
PatkiUint which virtually eclipsed purdy chemical methods of 
disinfecting Uood and body tissues. 

CONTRAST MEDIA. Advent of lodix^ pgppyteed ^ first radio- 
opacjiie iodine contrast medium. Today (1961) iodo-contrast 
media acoouxit for more tban 150 tons of iotUne aimuatty. 

END OF AN ERA. taut and perhaps, greatest protagonist of direct 
energedc iodine distnlection of wounds was Sir Leokaro 
Ebskxne Hill, fjus. (18G5<1952) director of research, St. John 
Clinic and Institute of Phyucal Medicine, London. Convinced 
lotUne veteran of World War |. he returned to its defence on 
'outbreak of World War £1, extolHng virtues of intensive iodine 
didnifacdan of wounds "in all thdr depths and ramificadons". 
.^^ewB not accepted by the modems. With him died finally the 
1914*1918 war fiuth in the iocUne *<first field dresriiig.*' 

lODOPHORS. Iodine tamed. Herman Shelakski, m.d., of Piuladel- 
phia discovered that polyvinyl pynrolidone and various surfac- 
tants solubilize iodine to form l^hly active complexes wbidi 
do not sting or stain. 

•FinsidaU ^Am Sayd Saeufy ^ MtMu, U98. 
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WORLD CONSUMPTION OF IODINE 
BY 

50URCS OP PRODUCTION 



TEAR 


EnSODE 


SOURCE 


WOfCLD dONSUMI^TlOia OF lODirOE 
(tO-year avanget. MeMina USSR) 




DECADE {seaweed] 


CALICHS 


WATERS 


TOTAL 


laii 

1 Ql I 


BERNARD COURTQlSt discovert 
Iodine in. the ashes of 


Seaweed 






METRIC 


TONS) ' 




1B2CH0. 


FRANCE, soJe world, producer 


Senweed 












1840 
1841 


HAYES discovers Iodine In Chilean Catkhe 


1840/49 


3t 






31 


SCOTLAND begins production 


Seaweed 


1855 


JACQUELAIN: 1$t extraction 

Trom Chilean Calichi; 


1850/59 


65 






65 


1B60 • 
1668 


IRELAND begins production 


Seaweed 


^ ti£.t\ie.Q 

1 DbU/07 




1 




OA 

■ <'} 


CHILE: first export of Iodine 


Caliche 


lo/V 


NORWAY begins production 


Seaweed 


1870/79 


92 


26 




118" 


-1 DOB 


JAPAN begins production 


Seaweed 


1880/89' 


72 


164 




236 


1B92 


JAVA begins production 


V/atcrs 


1890/99 


1QD 


345 


2 


447 


1900 


SOUTH AFRICAN WAR (1 899^2) 




1900/09. 


186 


346 


11 


543 


1914 


WOULD WAR 1 (1914-18) . 




1910/19 


200 


627 


31 


858 


19!Z6. 
1927 


\JSA, begins production 


Waters 


1920/29 


177 


626 


53 


856 


ITALY begins production 


Waters 


1933 
'l934 

1936 

1938 
1939 


JAPAN begins production 


Waters 


1930/39 


146 


632 


219 


1007 


IRELAND and NORWAY cease pro- 
duction from Seaweed 




SCOTLAND ceases production from 
Seaweed 




JAPAN ceases production from Seaweed 




WOIU.D WAR II (1939-1945) 




1940 


JAVA ceases production from Waters 




194Qif49 


41 


039 


348 


1279 


1950-59 
19^0- 


CHILE, JAPAN, U^^., fTALY, sole 
producers today (excluding USSRl) 


Caliche & 
Waters 


1950/59 




•1068 


735 


1803 


1960 




>1200 


.-^.800 


>2000 
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Uve up to inieconceived ideas were exposed, at 
St Mar/s Hospital^ in clasac experiments t^r 
Sir Almroth Wri^t and Alexander Fleining (later 
Sir Atexander Flendng of 'peiddllin fame). And, 
as a result, iodine was withdrawn from the ^first 
field diessin£f and from ail official procedures 1^ 
whicii wounds were treatcdin theNavy, Amqr and 
Air Force. 

On the outbreak of the Second WorM War in 
1939, one or two redoubtable didsard8--I cannot 
but admire their tenadly *^ sprang to a renewed 
defence of iodineforswabbingwounds *in all their 
depths and ramifications'. These efforts, however, 
did nothing to influence the ccmtenDporaiy out- 
look. All they did was to mark the end of what I 
call the energetic era of wound management 

To-day, there axe only three nuyor disinfectaai 
roles for whidi iodine is fitted - and for which it 
has no equal. These are: rapid ditiafectkm of un- 
washed intact skin; the sterilization of smgica] 
catgut Go.dine is the only chemical that will do 
this infallibly); and, thirdly, the emergency steri- 
lization of infected drinking water. 

Contrast Media 

An entirely new chapter in the medical fortunes 
of iodine opened with the discovoy of X-rays in 
1895 - a development that put a neW diagnostic 
aid into the hands of phy^cians, and brought 
undoubted advantage to iodine producers and 
pharmaceutical manufacturers alike. ' 

Soon after tiwir discovery, the suggestion was 
madethatsubstances through whichX-rays cannot 
pass might be introduced Into the bo^y to provide 
contrast shadows and so make organs and 
tissues visil^e on a radiographic film. 

Iodine is a substance endowed with the power 
to stop X-rays. Moreover, it has other attributes 
desirable in the malce*up of contrast media as they 
are called. The year 1921 saw the first contrast 
mediumlnuse-an iodized oil named Liplodc^, By 
introducing a little of this into the lungs and air 
cavities, and then applying the X*c^ay, a shadow 
picture of the bronchial tree is obtained from which 
experts can readOy determine whether all is well or 
somethlDg wrong. 

Brain, arteries, the veins, kidneys, liver, gall- 
bladder, the reproductive orgaiu. pnd almost 
every otfier bodQy stiucture may be examined in 
ihis way* To-day, about 30 basic lodo-contrast 
media aie available. Bat the requirements of 
pharmacy firms, these same 30 are sold under 
sometMng like 200 diffmnt proprietary brands 
and designations. 



Chemoiheropy ' 

The turn of the century also saw the birth of a new 
chemistry - biochemistry - which brought witii it 
the gradual ascendancy of rational over empirical 
modes of treatment Broadly speaking, diemo* 
therapy, or replacement therapy, is the intelligent 
use against disease of these very drugs, extracts 
and principles v^ch the living body contbually 
manuihotnres witlun itself to keep itself alive, and 
whosede&iency or absence throughsomemedian- 
ical breakdown gives rise to disease. For example: 
insulin wsus diabdtes; liver extract yenns 
anaemia; cortisone vmus adrenal deficiency and a 
whole tot else; and, as we have aheady discussed, 
thyroid extract and thyroxhie verw thyroid ab- 
normali^. 

Tbis facoadening and deepening outlook on 
theiapeadcs is deariy reflected in the changhig 
composition of official and non-official phanua- 
copoeias. The old, aikd to us periiaps rather crude, 
materia mecUca -predcnninantly hiorganicin kfaid 
and content - is giving place to a vocabulary of 
finerpharmacological texture-^largely organic. 

Not unnaturally, iodine has shared in this 
progressive movement, and Table I isee Insert) 
shows how the British Phaimaeopoeia of modem 
dayshas taken on aneotitely newlooksofaras 
iodine is concerned. IKnoe 1864, there have been 
idne "B-P^* phis on addendum in 1960. Horizon- 
tal lines in colour mark the stages at which various 
iodine prqiarations were introduced, and the 
length of their survival as accqited dierapentic 
agents. 

If onesqparates the inorganic monogcaphs firmn 
the organic^ ^t is» die sunple from the complex, 
the upper and lower halves. of the table * and 
take, for example, the 3id •B.P.' (1885) - one 
finds hi it 13 hior^mic lodfaie preparations and 
only one organic item, iodoform. Seventy-five 
years later (1960) only 6 ba^ fnoigonic, and 12 
organic items are seen — > an almost complete 
reversal. 

On top, in red, are the parent substance, the 
strong and the weak tinctures, and potassium 
iodide all with a record of one hundred years. 
Lugol's solution (5th on the list, t<^ half) had a 
first innings of twenty years, was removed for 
thirty years, but was reinstated In 1948, and is still 
*not out*. 

Below, the organic members of the team are all 
comparative newcomers, and, as we have noted, 
are used for therapeutic purposes whol^ different 
from those customary in former times. The 
switch in usago has been from skin . disease. 
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veoereal disease* .and general tonic purposes (top 
halO to contrast media, tbyroid therapy and the 
•contnd of specific tropical diseases by organics 
such as diiniofon and iodo-liydroiQrcpunolme 
(lower balQ. 

So maxsh for the pharmacy and medicine of 
iodhie. 

Sourcesiuid Consiotiplhh 

To oociQiy the time left at my disposal I would 

like to make a very brief historical note on the 

commerdal sources of iodine, and upon world 

consuiiq;»tion as it was in the bo^mung and as it is 

today.- 

Table n (fee insert) shows the average annual 
world consumption of iodine» decade by decade, 
for one hundred and twenty years firom 1840 to 
1960; and the amounts contiifaruted to diis con- 
sumption by the three great producing sources - 
seaweed Qn ^een), Chilean caUdte (in rwO and 
undergroond waters 0n blueX Jb& totals ai^ in 
metric tons; no data oust prior to 1 840. 

Seaweed* in. which io£ne was discovered, r^ 
mained the only commeidal source until Chile 
entered the field hi 1868. Chilean iodine is ob- 
tained as a by-product during the daboration pf 
Chilean nitrate of soda from the raw material 
called caliche which occurs in vast natural de- 
posits in Northoni Chile. 

' From 1863 onwards, the Chflean share of the 
world iodine market gradually matured and over- 
took the seaweed share around 1880/1890. As a 
consequence^ the s^weed contributioa to world 
needs - provided mainly by France, Scotland and 
Japan, and with a zenith of 200 tons per annum in 
the decade 191(V1919-giBduanydeduicd and fell 
to zero at the end of the Second World War. No 
.seaweed iodine is produced to-day anywhere in 
the world, unless it be in Russia, which is doubtful. 

In 1892 a new and powerful impact struck 
iodine cooimeroe when workable quantities of the 
element were found m certain underground waters 
- mhieral springs and natural brines particularly 
In oilfield areas. 

Java (in 1892) was the parent of this enterprise; 
California fbUowed In 1926; Italy ui 1927; and 
Japan in 1933. With the final elinrination of aH 
' seaweed production in 1945, world needs are now 
supplied entirely from CSiilean caUdie and from 
underground waters in Japan, the United States, 
and Jtaly. To-day, world consunaptioa lus be- 
tween 2,000 and 2,S00 tons- four times more than 
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at the beguming of this c^itury and twenty times 
more than one hundred years ago. 

The figure mentioned excludes Russia andcovm 
all fields of usage. Broadly speaking, 50% of the 
total is used for medical purposes; 30% goes into 
technical industry; and the remaining 20% into 
veterinary medidne and agriculture. This means 
that 1^000 to 1,200 tons are absorbed every year 
into pharmaceutical and medical use; and of this 
quantity 60 % is converted and used in the form 
of potassium iodide. 

These figures are near approximations. It is ex- 
cccdmsdly difficult to obtain reliable statistics on 
the end-usage of iodine at any £iven moment of 
time. All sorts of unexpected factors and drcum- 
stanoes may intervene to vpset one*s calculations- 
as, for exan^le, wli6n during the last war an 
cxoeptionalbr heavy and persistent demand arose 
in certain neutral countries for an iodine prepara- 
tkm called Entero-Vlofotm, sought ostensibly for 
the tieatment of paxaaitio disease. In fact, this was 
none other than an attempt to samggje iodine into 
Oemrany where sapplies of .crude materia) were 
ncm-existent. A more hiterestmg irregulaiity 
occurred hi the United States around the year 
1927 vital the iodine hidustiy was surprised to 
notice an enormou^ increased demand for the 
alcoholic thictore of iodine. Iliis was the era of 
p^[ohibition in America, and it soon became appa- 
rent that the unprecedented sales of alcoholu^ 
iodise tincture were not toe leffttimatcmcdica] use, 
but stnqity to recover alcohol for'bootleg^ng'. 

Spedal le^iation was introduped to control 
this nefarious trade, but not before 50 tons of 
iodine had been illegally ' diverted '- representing 
approximately one and a quarter million litres of 
absolute alcoluiL 

What of the foturel Who can tell how the rqju- 
tatiods of iodine to-day will stand one hundred 
years hence? To venture an opinion, based^ as it 
can only be, on the events of the past, I can only 
say that the-process of research, revaluation, re- 
appraisal, refinement, will go on, and thai in the 
year 2061 some iodine merits tiiat ecdoy con- 
temporary favour will plain]^ appw ephemeral, 
while new merits as yet hidden from us will 
assuredly have declared themselves.' We may 
safely leave it to our successors to share the sur- 
prises that tune has yet in store. 

The 8-pagB insert acoompanycng this paper contains 
Tables I and II referred to in the text, a list of im- 
portant dates in the medical history of iodhie, - and 
photogmphs of sevenU -ot the gceat personalities who 
have helped to n»ke the iodine story. 
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POLYVINYLPYRROLIDONE (povi- 
done) meets the criteria for a suc- 
cessful expander of blood volume. It 
is one of the final products of a series of 
reactions starting with acetylene and for- 
maldehyde and is similar in configuration 
to the breakdown products of hemin ex- 
cept that there are many more pyrrole 
rings in PVP, and the linkage between the 
rings is by means of vinyl groups bridging 
the nitrogens rather than merthene bridges' 
joining the adjacent carbons. 

Phykeal Properties.— Povidone (PVP) 
is a nearly white powder, readily soluble 
in water and many organic solvents. It 
is stable to heating in air at 100 C. for at 
least sixteen hours. The powder is hygro- 
scopic, but otherwise stable, and can be 
stored indefinitely. 

Physiologic Properties, — Povidone re- 
sembles the proteins of natural plasma in 
its capacity for binding water and adsorb- 
ing other substances. These properties 
have been attributed to the presence of the 
amido (-CO-N-) groups. Because of its 
high collodial osmotic pressure, PVP (2.5 
per cent, later 3.5 per cent) in physiolog- 
icaji solution of sodium chloride (periston) 
was used extensively by the Germans in 
the treatment of shock,* PVP, after Intra- 
venous a d m i n i s t r a t i on, was shown by 
Weese and Hecht^ to assume the carrier 
functions of the plasma proteins. Benn- 
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hold, Schubert and others* demonstrated 
by cataphoretic and diffusion experiments 
that, in addition to its physical resem- 
blance to plasma proteins, PVP shows a 
biologic resemblance by adsorbing physio- 
logic and nonphysiologic products, includ- 
ing bilirubin, atabrine. Vitamins B-1, C, 
and P and numerous dyes, as well as the 
toxins of diphtheria, tetanus and botulinus. 
In addition, intravenously injected PVP 
exhibits another characteristic of plasma 
pifotein. This is the so-called embathic ef- 
fect, which is the ability, to render diffusi- 
ble coarsely dispersed dyes such as congo 
red.6 

Phwrmacologic Properties. — PVP dis- 
plays a retarding and potentiating effect 
on a large number of parenterally admin- 
istered drugs. This effect was first ob- 
served in Germany by Duttmann,® who 
used it to prolong the action of pontocaine 
in peridural anesthesia. Further advances 
in the utilization of this characteristic 
have been made in France, England and 
the United States, especially in intramus- 
cular antibiotic preparations. 

Schubert and his associates have ckimed 
that PVP detoxifies in vivo certain dyes 
and certain toxins, including those of 
diphtheria, botulinus and tetanus. They 
postulated a mechanism in which the PVP 
protects the liver by diverting the toxins 
to the kidney and by increasing the rate of 
excretion through that organ into the 
urine by virtue of its embathic effect.^ 

Discovery of PVP-Iodine, — ^In view of 
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the detoxifying properties of PVP, She- 
lanski. Cantor and Shelanski^ studied its 
effects upon inorganic toxic materials. One 
of the first of such materials studied ^as 
iodine in Lugol's solution and as a tinc- 
ture. 

In preliminary studies of acute oral 
toxicity on albino rats, Lugol's solution 
and tincture of iodine in comhination with 
PVP were shown to be less toxic than was 
either solution^ alone. Altered physical 
properties were produced by the presence 
of PVP. Most obvious was the altered 
color of the solution. Instead of the jed or 
purplish color expected, a rich mahogany 
color was obtained. Coupled with this was 
the observation that the vapor pressure of 
the iodine was considerably reduced. It 
was logical to assume l^at the iodine was 
undergoing some alteration in the pres- 
ence of the PVP. In attempting to titrate 
back the iodine, it was discovered that not 
all the iodine could be recovered. Repeated 
extractions with chloroform were unsuc- 
cessful in retrieving th^ missing portion 
of iodine. Further additions of Lugol's 
solution or tincture to the iodine-contain- 
ing PVP, however, resulted in no similar 
loss of iodine. At this point, Shelanski 
and Shelanski theorized that the lost io- 
dine was bound to the PVP in the form of 
organically bound iodide, which should act 
to stabilize Iodine in the same manner as 
potassium iodide in Lugol's solution. They 
prepared an aqueous solution of iodine 
combined with PVP without the aid of the 
usual solvents or solubilizing substances. 
Thus, it was shown that PVP itself acts 
as a carrier of iodine in water solutions. 
It was later shown that iodine vapors are 
directly soluble in PVP powder. . 

Chemical Nature of PVF-Iodine. — It 
was shown that PVP acts in a manner 
similar to plasma protein in combining 
with iodine. A small fraction (less than 
1 per cent) of the iodine is converted di- 



rectly into inorganic iodide. The reaction 
occurs at the ends of the PVP molecules, 
•where an acid environment prevails. The 
amount of inorganic iodide formed is de- 
termined by the number of free end 
groups and thereby by the molecular 
weight of any given PVP sample. About 
30 per cent of the iodine is converted into 
organic iodide (corresponding to protein- 
bound iodine). The remainder of the io- 
dine exists as free elemental iodine. The 
free iodine is made soluble by the organic 
iodide. There is still another factor, how- 
ever, which is responsible for the solubil- 
ity of the iodine. In Lugol's solution, 2 
parts of potassium iodide are required to 
make 1 part of iodide soluble. In PVP- 
iodine the proportions are reversed ; about 
30 per cent of the iodine is converted to 
iodide, and 70 per cent remains free. The 
reason for this phenomenon is not com- 
pletely clear, but it appears that a two- 
phas^ sjrstein exists. The free iodine actu- 
ally is ih solution in the PVP iodide. The 
PVP-iodide-iodine complex in its entirety 
is in solution in the water. 

Effectiveness Against Microorganisms, 
— Cantor and Shelanski proceeded with 
the in vitro assay of PVP-iodine. It was 
demonstrated that the iodine in PVP- 
iodine was available to perform the same 
functions as iodine in tincture or Lugol's 
solution, namely, its bacteriocidal, vy-icidal 
and protozoocidal capabilities had not been 
decreased. With use of the capacity 
inethod* developed by Cantor and Shelan- 
ski, it was shown that the qapabilitieB of 
iodine had been prolonged. 

Toxicity of PVP-Iodine, — Concurrently 
these authors, investigating the toxicity of 
PVP-iodine in mammals, noted that iodine 
in this form was less toxic than iodine in 
Lugol's solution or tincture. 

The toxicity studies were performed 
with PVP-iodine solutions containing 1 to 
5 per cent iodine and 2 to 10 per cent PVP 
in distilled water. 
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Acute Oral Toxicity Study, — Twelve 
groups of animalsi each containing 10 
albino rats of the Yale-43hernian-Wistar 
strain, were used in testing LugoFfl solu- 
tion containing 2.5 per cent free iodine, 
and an equal amount was used in studying 
a PVP-iodine solution containing 2.5 per 
cent free iodine. These rats were observed 
for two weeks to make sure that they were 
normal. Litter mates were dispersed 
throughout all groups of both studies. 
From twenty-four hours prior to dosing, 
the, animals were given water only. Dos- 
ing was performed by means of a rubber 
catheter introduced via the mouth directly 
into the stomach. Doses were accurately 
measured by. means of a calibrated 
syringe. Survival counts were taken daily 
for two weeks after administration of the 
iodine solutions. The LDso results were as 
follows: 

Lugol's solution-^00 mg. of free io- 
dine per kilogram. ♦ 
PVP-iodine — 1,300 mg. of free iodine 
per kilogram. 

This shows that PVP-iodine is more 
than three times as safe to use as is Lu- 
gol's solution containing an equal amount 
of free iodine. 

Another group of investigators who per- 
formed this study obtained an LDm of 
107.5 mg. of free iodine per kilogram for 
LugoFs solution and 962.5 mg. of free io- 
dine per kilogram for the PVP-iodine solu- 
tion. In these results there is a 9 to 1 ratio 
with regard to the safety of use of the 
PVF4odine solution. 

Percutaneous Studies on Intact Skin. — 
Twenty-iive rabbits were prepared by 
clipping the hair from the back to expose 
a large area of skin. PVP-iodine, contain- 
ing 10 per cent PVP and 2 per cent iodine, 
was applied over an area of 1 square inch 
on one side of the animal. On the other 
side a tincture of iodine solution contain- 
ing 2 per cent free iodine was applied in a 
similar manner and used as a contrbL The 
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contact sites were covered with lintine 
discs, which in turn were covered with 
waxed paper and held in place with adhe- 
sive tape. The patches were scheduled to 
be left on for ninety-six hours. Within 
twenty-four hours, however, severe ery- 
thema and edema developed in the sites of 
contact with tincture of iodine, necessitat- 
ing removal of these patches. No such 
reactions developed with flie PVP-iodine, 
even though the patches remained in place 
for the scheduled ninety-six hours. After 
a two-week period of recuperation the 
patches were reapplied in an identical 
manner. Again the tincture of iodine 
patches had to be removed prematurely 
because of severe reactions. After forty- 
eight hours the PVP-iodine patches had 
produced no cutaneous reactions. 

With the same solutions, 200 human 
subjects were exposed to a similar patch 
test. As in the case of the rabbits, the 
tincture of iodine patches had to be re- 
moved prematurely (within twenty-four 
hours) because of complaints caused by 
the severe cutaneous reactions. The PVP- 
iodine patches produced no such reactions, 
even after ninety-six hours of contact, 
when they were removed. 

After two weeks the patches were reap- 
plied in the same manner, and again the 
reactions , to the tincture of iodine were 
severe vwthin twenty-four hours. No such 
reactions occurred with the PVP-iodine, 
even after forty-eight hours. 

One hundred volunteer persons were 
subjected to the repeated insult patch test 
method of Shelanaki and Shelanski ° The. 
same solutions of tincture of iodine and 
PVP-iodine were tested. The patches were 
scheduled for twenty-four hour contact, 
every other day, with 15 applications. The 
tincture of iodine patches were discontin- 
ued after the first application because of 
severe reactions, even though the patches 
had been removed within twenty-four 
hours. No complaints or reactions were 
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caused by the PVP-iodine patches through- 
out the 15 applicatiotis. Even after a chal- 
lenge application, ivhich was carried out 
after three weeks and consisted of contact 
for forty-eight hours, the PVP-iodine elic- 
ited no subjective complaints and no vis- 
ible reactions; 

Percutaneous Studies on Damaged Shin. 
— ^All the aforedescribed studies were re- 
peated on those rabbits and human .'lub- 
jeets in which the skin of the contact dtes 
was purposely damaged by abrasion with 
coarse sandpaper. In all cases the results 
were essentially the same. In addition, it 
was observed that no infections occurred; 
all the abrasions were healed or in the 
process of healing when the PVP-iodine 
patches were removed. 

Mucous Membrane Exposures, — ^Twen- 
ty-five rabbits were used to determine and 
compare the irritating effects of a PVP- 
iodine solution and Lugol's solution when 
instilled into the eyes. The PVP-iodine 
solution contained la per cent PVP and 1 
per cent iodine. The Lugol's solution con- 
tained an equal amount of free iodine. 
One-half cc. of the PVP-iodine was in- 
stilled into the left eye of each of the rab- 
bits and the same amount of the Lugol's 
solution was instilled into the right eye 
as a control. The eyes were observed daily 
for two weeks. The PVP-iodine produced 
a slight reddening of the. conjunctiva 
which disappeared within two or three 
days. The Lugol's solution produced se- 
vere erythema, edema and progressive 
corneal damage, which did not clear up 
within the two-week period of observa- 
tion. 

The ^ects of repeated daily instilla- 
tions of the two solutions were studied in 
a group of 25 guinea pigs and 25 rabbits. 
It was planned to instill O.I cc. of PVP- 
iodine daily into the left eye of each animal 
and 0.1 cc. of Lugol's solution into the 
right eye. The reactions were so severe 
with the latter that the instillation of 



Lugol's solution was discontinued after 
three days. The PVP-iodine, however, 
produced transitory erythema, which 
cleared within a few hours. Instillations 
with the PVP-iodine were continued for 
the entire fifteen-day period without any 
significant damage. Two weeks after the 
fifteenth instillation a challenge instilla- 
tion was performed with PVP-iodine. The 
results were identical with those observed 
before, 

A group of 25 human volunteers was 
used in the next study. The mucous mem- 
branes of the throat, including the tonsiT- 
lar fossae, the palate^ the uvula, and the 
posterior pharyngeal wall were swabbed 
with approximately 2 cc. of PVP-iodine. 
The reactions ranged from a stinging sen- 
sation, which abated in ten to twenty min- 
utes, to no sensation but a "bad taste." 
The subjects were examined for reactions 
every half hour for the first two hours, 
and every hour thereafter for the next 
four hours. Thfere was a slight reddening 
of the mucous membranes in about 60 per 
cent. Forty per cent showed no reaction. 
The reddening persisted for two hours or 
less. These studies were repeated daily, 
fifteen applications being tested on 10 pa- 
tients, 5 of whom showed no reactions at 
all to tiie PViP-iodlne and 6 of whom 
showed reddening after initial application. 
In none of these patients was there any 
aggravation of the initial reaction to the 
PVP-iodine. After two weeks of rest these 
10 patients were again treated in the same 
manner, and the. reactions noted were sim- 
ilar to those previously noted. 

Effect on Iodine-Sensitive HuTrums. — 
Three known . io.dine-sensitive volunteer 
subjects were tested with patches of PVP- 
iodine and Lugol's solution. The skin in 
contact with the Lugol's solution erupted 
with a severe reaction, typical of the sen- 
sitization-type reactions. None of the pa- 
tients showed any reaction to the . PVP- 
iodine. 
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Therapeutic Evdhtation of PVP-Jodine. 
— Except when otherwise noted, PVP- 
iodine solutions containing 2 per cent free 
iodine and 10 per cent PVP were used. 
Two series of patients were treated.* The 
first series consisted of patients with sur- 
face infections, both bacterial and mycotic, 
of the skin and mucosa. The second series 
of patients had wounds of the skin or mu- 
cosa, and the group included those on 
whom operations were performed. More 
than SOO patients were treated. 

Series 1: PolyvhiyVpyrrolidme'Iodine 
for TreatmeTit of Surface Infectwiu — 
total of 108 representative patients with 
bacterial and mycotic infections of the 
skin and mucosa were treated with the un- 
altered FVP-iodine solution, consisting of 
varying proportions of iodine and PVP in 
water. All showed marked improvement 
within eighteen hours, and in 100, or 94.3 
per cent, the condition cleared up within 
thirty-six hours. In detail the series con- 
sisted of 62 cases of bacterial infections of 
the skin, 23 of sore throat, 12 of mycotic 
infections of the toes, 6 mycotic infections 
of the handis, 2 of mycotic infections of 
the ears and 3 of mycotic infections of 
the perineal region. Typical case histories 
are as follows : 

Case i. — 24-year-old white man had a 
history of recurrent sycosis barbae, which had 
responded slowly to treatment. PVP-iodine 
was applied, to the chin and cheeks without 
producing any additional irritation of the le- 
sions. Within four hours the patient noted 
relief from the irritation produced by the in- 
fection. Within eighteen hours the lesions had 
become noticeably drier. PVP-iodine was ap- 
plied a second and third time after twenty- 
four hours and forty-eight hours respectively. 
Complete recovery was noted on the third day 
after the treatment had been started. During 
this time the patient was not allowed to shave 
or wash his face. 

Case 2. — ^A 32-year-old white man had an 
infected wound on the dorsal aspect of the 
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right little finger. The wound was purulent, 
ulcerated and inflamed. Enlarged lymph nodes 
were present in the epitrochlear and axillary 
regions. The temperature was 99 F. The 
wound was cleansed ; PVP-iodine was applied, 
and the wound was dressed. No incre^ed irri- 
tation was noted by the patient. After twenty- 
four hours the temperature was normal. 
Lymphadenopathy had diminished. The wound 
itself was dry and clean, and epithellzation 
was in progress. 

Case 3. — 38-year-old white man had had 
bilateral mycotic infection of the ears for sev- 
eral months, and all previous treatment had 
failed. PVP-iodine was instilled into both 
ears, and a superficial cotton plug was used to 
close the canals. Relief from itching was 
noted in one hour. After twenty-four hours 
reexamination showed desquamation of the 
epithelium and a decrease in the amount of 
discharge. The drum appeared almost normal 
except for some discharge on the surface. A 
second application of PVP-iodine was made at 
this timev On the next day, examination re- 
vealed that the left ear was completely dry. 
The right ear still had some discharge, but 
there was no itching. PVP-iodine was again 
applied in both ears. Pour days after the start 
of the treatment both ears appeared complete- 
ly normal. The patient was relieved of itching 
and has continued well. 

' Case 4. — ^A 21-year-old white man had had 
gross mycotic infection of the right foot for 
the past eight years. No previous treatment 
had produced any relief. On first examination 
the dorsal aspect of the foot was covered with 
weeping sores. The patient stated that the 
itch was so unbearable that he had to scratch 
almost continuously. PVP-iodine was applied 
to the lesions, and the foot was bandaged. 
Twenty-four hours later, reexamination 
showed, a marked decrease in the discharge. 
The patient volunteered the information that 
he was able to sleep peacefully, without inter- 
ruption, for the first time in many years. Daily 
applications of PVP-iodine were continued 
for one week. Marked improvement was noted, 
although the lesions had not completely healed. 
Tincture of 80 per cent PVP-iodine was pre- 
pared and given to the patient for self -treat- 
ment. At the time of writing the lesions are 
minimal and dry. Since they are still present, 
however, we consider this case a failure. 

Casb 6.— A 80-year-old white man com- 
plained of sore throat o£ one week's duration. 
He had undergone intensive treatment by his 
family physician, without relief. The temper- 
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ature was 99.9 F., and the cervical lymph 
firlands were swollen and tender. The entire 
pharynx was markedly injected. The patient's 
throat was swabbed with PVP-iodine. After 
twenty minutes the pain had completely 
abated. The patient could swallow without 
distress for the first time since his illness be- 
gan. On the next day the temi)erature was 
normal and all complaints had disappeared. 

Case 6. — 25-year-old white woman com- 
plained chiefly of sore throat and earache of 
two days' duration. The temperature was 
100.1 F. Examination revealed marked injec- 
tion of the right side of the pharynx and 
edema of the opening: of the eustachian tube. 
PVP-iodine was applied to the pharynx by 
means of a swab. After thirty minutes the 
patient's complaints of pain had diminished. 
Reexamination showed that the eustachian 
tube was now open. The temperature had sub- 
sided to normal in four hours. 

These cases are typical of the entire se- 
ries. Of the 6 cases in which treatment 
was considered to have failed, there were 
long-standing fungous infections in 3. 
These, although considerably improved by 
PVP-iodine, did not clear up completely 
or recurred. In the other 8 cases there 
were bacterial infections treated late in 
their course, so that generalized therapy 
was also deemed necessary. The improve- 
ment in these cases could not be attributed 
wholly to local use of PVP-iodine, since 
penicillin was also given intramuscularly. 

Series 2: PVP-iodine Treatment of 
Wounds and Rise in Preoperative Cases, 
— Sixty-seven wounds of various sorts, 
from superficial skin cuts to deep muscu- 
lar and tendon lacerations, were treated. 
In addition, in 34 surgical cases PVP- 
iodine was used as a cutaneous and inci- 
sional germicide. Typical cases are as 
follows : 

Case 7.— A 28-year-old white man sustained ■ 
a deep laceration of the left palm. The skin 
over the thenar eminence was completely un- 
dercut for approximately 2 cm., ttie tendons 
and subcutaneous structures being left ex- 
posed. The patient*s hand was completely 
covered with grease and dirt, which was im- 
possible to remove with soap and water, ^he 



entire hand was prepared with PVP-iodine. 
The patient complained of some burning when 
the PVP-iodine was applied- directly into the 
deep laceration. For comparison, a' small 
amount of alcohol was placed in one coiner of 
the cut. The patient stated emphatically that 
the pain had increased considerably with the 
alcohol. The closure of the wound required 4 
subcutaneous absorbable sutures, and 12 wire 
sutures were used to close the skin. In spite 
of the massed contamination present when the 
laceration occurred, recovery was uneventful, 
witiiout any infection. The patient did show 
an elevation of temperature to a maximum of 
100 F. twenty-four hours after the injury. 

Case 8. — A 40-year-old white man was lift- 
ing, a heavy box, which dropped on his right 
middle finger and amputated the distal pha- 
lanx. When first seen, the patient was bleed- 
ing profusely; his hands were completely 
covered with grease and dirt, which was im- 
possible to remove with soap and water or 
thinner. After the bleeding had been con- 
trolled the entire hand was prepared with 
PVP-iodine. The patient complained of burn- 
ing caused by the PVP-iodine on the raw sur- 
face of the finger. A drop of tincture of a 
mercurial was placed on the raw surface for 
comparison. The patient emphatically stated 
that thd pain was much less intense with the 
PVP-iodine. His foreman in the meantime had 
retrieved the amputated fragment of finger. 
It was' decided to attempt to graft the frag- 
ment, even though it had been lying on the 
floor for about fifteen minutes. The fragment 
was bathed for five minutes in a warm PVP- 
iodine solution. It was reapproxiniated by 
anchoring the bone ends by means' of wire 
sutures and the skin ends with 10 wire sutures 
and a wire stay suture. The finger was 
spl£ated and bandaged. After five days the 
dressing was removed and the wound cleansed. 
It was without infection and in the process of 
knitting. The sutures were removed on the 
tenth day. At this time the distal third of the 
f ragmrat had become dark and shriveled. The 
proximal two-l^irds was somewhat swollen 
but viable. The shriveled fragment was re- 
moved and the skin edges reapproximated, 
with PVP-iodine used for antisepsis. Recov- 
ery was uneventful. 

Case 9.— A 22-year-old white man had an 
infected sebaceous cyst behind the left ear. 
The skin was prepared with PVP-iodine. The 
cyst was incised, and purulent cheesy material 
was removed. A small drain soaked in FVP- 
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iodine was inserted into the incision, and the 
wound was dressed. Twenty-four hours later 
the drain was removed. No evidence oi infec- 
tion was present. No irritation due to the 
PVP-iodine could be noted. 

Case' 10. — 21-year-old white man had a 
ganglion on the dorsal aspect of the right 
wrist, which interfered with his work. The 
hair was shaved off and the skin prepared with 
PYP-iodine. A small incision was made over 
the ganglion; the tissues were separated, and 
a grape-sized ganglion was noted, arising 
from the extensor digitorum prof undum ten- 
don. The entire wound was coated with PVP- 
iodine after the ganglion had be^ excised. 
The skin was reapproximated with 2 nylon 
mattress sutures. The sutures were removed 
in six days. Eecovery was uneventful. 

Case 11. — 40-7ear-old white maniiad had 
the left first upper molar removed and was 
complaining of pain. Examination revealed a 
dry socket. The sodcet was i>ainted with PYP- 
iodine. R^ief was apparent within thirty min- 
utes. A second application of PVP-iodine was 
made at the end of four hours. No further 
treatment was necessary. 

In addition to these two series, a num- 
ber of patients with varicose ulcers vrere 
treated. - 

Case 12.— A white man aged 60 had stasis 
eczema and an infected varicose ulcer of the 
right ankle. The duration of the ulcer and 
the eczema was iive years. The patient had 
undergone saphenous ligation and a variety 
of local treatment, without effect. PVP-Iodlne 
was given him to be' applied locally night and 
morning, in addition to supportive dressings. 
The patient was seen at weekly intervals, and 
definite improvement was noted after the first 
week. Pain was diminished, and the serOpuru> 
lent discharge cleared, the base of the ulcer 
showing healthy granulation tissue. After 
three weeks the ulcer was partially closed; 
there was no pain, and the stasis eczema sub- 
sided. Application of PVP-iodine was contin- 
ued twice daily, and at the end of six weeks 
the ulcer was entirely healed, Epithelization 
being complete, the patient was discharged. 

Case 13. — ^M. S., a white woman aged 50, 
had a varicose ulcer on the inner aspect of th9 
left ankle, of four years' duration. Examina- 
tion revealed marked varicosities. Superficial 
lesions and one dime-sized ulcer were present 
on the left ankle. Pain was present and severe. 
PVP-iodine was applied twice daily, with a 



SHSLAKSKI AKD SBELAKSKit PVP-IODlKE 

supportive bandage. After one week ^he pain 
subsided and the uber was healing, being now 
only one-half its former size. The patient was 
classified as "improved." 

Case 14. — ^M. S., a white woman aged 66, 
had a punched-out varicose ulcer the size of a 
split pea on the anterior aspect of the left leg. 
There was severe pain, with inflammatory 
changes. PYP-iodine was applied twice daily, 
with a supportive dressing. After one week 
the ulcer was healing and was half its original 
size. There was no drainage. The pain also 
had subsided, Tlie patient was classed as ''im- 
proved." 

. Case 15. — ^F. P., a white man aged 52, had 
had a dime-sized varicose ulcer on the poste- 
rior aspect of the right leg for four weeks. 
The pain was severe and was associated with 
stasis edema. PVP-iodine was applied twice 
daily. After one week the pain had diminished 
considerably. The ulcer was filling in, and 
epithelization was beginning. After two weeks 
there was no pun and the ulcer was almost 
healed. In addition to PYP-iodine, a suppor- 
tive dressing was used. This patient also was 
classed as "improved." 

A number of patients with thrush vere 
also treated. 

Case 16. — ^M. Z.» a boy 5 weeks old, was seen 
in October 1950, with a condition of thinee 
weeks' duration, diagnosed as thrush. The 
area around the mouth was covered with 
plaques, and the tongue, buccal pouch and 
pharynx with heavy plaques. The child had 
been treated with gentian violet (1 per cent), 
boric acid solution, borax solution and anti- 
biotics. Treatment with gentian violet caused 
excorciations. The baby would not eat or take 
the bottle. PVP-iodine was applied three times 
daily and produced dramatic results in twelve 
hours. The child began to eat well and was 
completely cured in forty-eight hours. 

Case 17.— L. P„ a woman aged 21, with a 
condition diagnosed as thrush, was seen in 
1951. The lips and tongue were cracked and 
dryi with areas of plaques. The duration of 
tiie ailment was approximately nine months. 
It had been treated with antibiotics, gentian 
violet, vitamins and Dobeira solution. PYP- 
iodine was applied every four hours. An ex- 
cellent response appeared in twenty-four hours. 
Within f oriy-eight hours most of the affected 
areas were healed. 

A report by an oral surgeon who treated 
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15 patients with conditions clinically diag- 
nosed as thrush and fungous infection 
under dentures stated that in all cases 
there was a favorable response to PVP- 
iodine therapy, usually within a few days. 

SUMMARY AND CONCLUSIOMS 

The chemical, physiologic and pharma- 
ceutical aspects, as well as the uses, of 
polyvinylpyrrolidone (povidone) have 
been presented, together with the toxico- 
logic and therapeutic evaluation of PVP- 
iodine as compared with Lugol's solution 
and tincture of iodine. These studies show 
that the toxicity of PVP-iodine is much 
less than that of iodine in the tincture or 
in Lugol's solution. 

Qinical studies show that PVP-iodine 
is safe and effective In the treatment of a 
variety of infections of the skin and mu- 
cosa. It has been found effective in the 
treatment of thrush. With PVP4odine the 
germicidal action of the iodine is pro- 
longed and the danger of cutaneous irri- 
tation, sensitization, reactions and burns 
is minimized. 

Whereas tincture of iodine presents a 
hazard on accidental ingestion, PVP-iodine 
presents no such danger, because it is only 
from one-fourth to one-ninth as toxic. 



PVP-iodine presents iodine in a form of 
low toxicity but of high germicidal action. 
It has been found valuable in the treat- 
ment of a variety of skin and mucosal in- 
fections produced by many different types 
of bacteria. 
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Hilarity and good humor, a breezy cheerfulness, a nature "sloping towards the 
southern ade." as LoweU has it, help enormously both in the study and in the prac- 
tice of medicine. 

The physician needs a clear head and a kind heart. 

Avoid wine and women-nchoode a fredde-faced girl for a wife; they are invaria- 
bly more amiable. ^ . 
^ — Oder 
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